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 ABSTRACT 
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Finnish summary 
Diss. 
 
During the last decade the effect of oral health on general health has attracted 
growing interest. The purpose of the present series of studies conducted among 
an elderly population was, first, to examine dental health over a sufficiently 
long follow-up period and, second, to determine how far the baseline dental 
status predicts subsequent changes in general health status, including 
respiratory capacity, muscle strength and mortality.  
These five studies were part of the larger, population-based Evergreen 
project. The study population consisted of all persons born in 1910 and resident 
in Jyväskylä, Finland. The baseline data were collected in 1990, the 5-year 
follow-up was conducted in 1995, and the 10-year follow-up in 2000. The data 
were collected by interviews at the participants’ homes and by examinations at 
the study centre.  
The best oral health characteristics were found among men who survived 
over the ten-year follow-up period. Overall, men had better oral health status 
than women. Among the participants followed up for ten years these 
differences were most significant at the baseline, diminishing thereafter. 
Edentulous men with complete dentures showed poorest pulmonary capacity 
at the baseline and the steepest reduction in respiratory function. A small 
number of remaining teeth was associated with poor handgrip strength cross-
sectionally, while poor periodontal status predicted a steeper decline in 
strength over the five-year follow-up period. Both a small number of remaining 
teeth and urgent need for dental treatment at the baseline could be used as a 
predictor of increased mortality risk. 
The results suggest that among older people oral health status either 
contributes to general health and survival through nutritional status or cytokine 
release or runs parallel with common underlying factors, such as socio-
economic factors and lifestyle. Oral health status can be used as a screening tool 
to locate those people who are at increased risk of loss of independence in 
various activities of daily living or of early mortality.  
 
Key words: Elderly people, gerodontology, mortality, muscle strength, oral 
health, periodontitis, respiratory capacity 
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ADS  Asymptotic dental score 
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 1 INTRODUCTION 
 
 
Ageing is a highly variable process, affected by numerous factors including 
genetic predisposition, disease, and a host of environmental factors. The 
prevalence of diseases and infections increases with advancing age at the 
population level (Bruunsgaard et al, 2003), and affects the quality of life and 
functional ability in older age (Charlifue et al., 2004, Landi et al., 2004, Theander 
et al., 2004). Given that the proportion of the elderly in the populations of the 
western industrialised countries has increased throughout the course of the 20th 
century, it is important not merely for people themselves but also for national 
economies that environmental risk factors, such as lifestyle that lead to health 
problems are identified as closely as possible. 
Older adults comprise a heterogeneous group, with some very robust and 
some very frail individuals. Poor pulmonary functions and muscle strength are 
commonly known to be major factors leading to institutional care and are also 
good predictors of mortality (Rantanen et al., 2003, Casanova et al., 2004). There 
is some evidence from cross-sectional studies to show that poor respiratory 
capacity and muscle strength and, subsequently, increased mortality risk might 
associate with poor oral health status (Österberg et al., 1990, Hayes et al., 1998, 
Hirano et al., 1999, Russel et al., 1999, Scannapieco et al., 2001, Shimazaki et al., 
2001, Terpenning et al., 2002, Yamaga et al., 2002). Whether this association is 
based on a causal connection between oral and general health status or on 
common underlying factors is not known.  
There are multiple plausible mechanisms which can be offered to explain 
the association between oral and general health status. One such explanation is 
inflammation, present or past, which may lead to deterioration in both oral and 
general health status. The mouth is a common infection focus of the human 
body. A major oral health problem among the elderly population continues to 
be edentulousness (Suominen-Taipale et al., 1999) and, on the theoretical level, 
it is reasonable to suggest that most of the missing teeth would have been 
infected before loss or extraction. Hence, each missing tooth may be regarded as 
a surrogate marker of a previous dental infection (Joshipura et al., 2000). 
Furthermore, a recent Finnish study showed that 46% of the elderly dentate 
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subjects living in Helsinki had deep periodontal pockets showing signs of 
infection in the periodontium (Ajwani et al., 2001). Poor oral health has 
previously been reported to correlate with premature death (Appollonio et al., 
1997a, Shimazaki et al., 2001), poor muscle strength (Avlund et al., 2001) and 
chronic obstructive pulmonary disease (COPD) (Terpenning et al., 2001, Mojon, 
2002). However, longitudinal associations with muscle strength and COPD 
have not been reported.  
Nutritional status is highly dependent on dental status. It is obvious that 
unstable complete dentures cannot bite through tough and hard foodstuffs. In 
the maintenance of satisfactory nutritional status, natural and functional 
dentition (>20 teeth) plays an important role (Marcenes et al., 2003). However, 
the distribution of antagonistic contacts in the dental arch seems to be of more 
importance (Battistuzziet al., 1987). Nutritional status is also known to associate 
with length of lifespan (Appollonio et al., 1997b), muscle strength (Roubenoff, 
2003) and even respiratory capacity (Carey et al., 1998, Calikoglu et al., 2004).  
  The oral cavity is not merely an active bacterial source, but oral health 
status is also an indicator of lifestyle. An individual’s lifestyle is known to be 
fairly stable over his/her whole lifecourse. Hence, the effects of lifestyle on 
either general or oral health status can clearly be seen at the age of 80. Previous 
studies have shown that poor oral health status associates with lifestyles that 
increase the risk for cardiovascular diseases (Johansson et al., 1994, Katz et al., 
2002). Moreover, edentulous subjects smoked more frequently than their 
dentate counterparts (Johansson et al., 1994). It is commonly known that 
lifestyle is highly dependent on socio-economic factors (Vescio et al., 2003). 
Around the beginning of the previous century the gap between the highest and 
lowest socio-economic classes was wide, and thus its influence can be seen 
clearly today in the oldest old. It is rewarding in this respect to study elderly 
people whose socio-economic status shows marked differences. Some of these 
differences may be explained by this multicollinearity. 
The fourth potential mechanism explaining the expected association 
between oral and general health status is the fact that poor general health and 
the regular use of a high number of medications used regularly increase the risk 
of hyposalivation and hence that of oral diseases in general. Further, subjects 
with poor general health status may have motor difficulties affecting their 
ability to brush their teeth.   
The principal aim of this study was to investigate the associations between 
oral health status and general health. More specifically, the purpose was to 
study the association of previous and current oral infections on mortality, hand 
grip strength and forced expiratory volume during the first second (FEV1). The 
association of the number of remaining teeth and the presence of periodontitis 
on these variables were studied cross-sectionally and prospectively over a 5- or 
10-year follow-up period in 226 people aged 80 years at the baseline. Potential 
confounders adjusted for in the models included gender, existence of 
pulmonary diseases, number of chronic conditions, smoking, height, weight, 
length of education, physical activity and hand grip strength as an indicator of 
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total body strength. The study group comprised all the inhabitants of the City 
of Jyväskylä born in 1910 who were alive at the beginning of the study in 1990. 
The data were collected by home interviews, questionnaires and examinations 
in the study centre at three time-points with an interval of five years between 
each.  
 2 REVIEW OF THE LITERATURE 
 
 
2.1 Oral health status among very old people 
 
 
Oral health is a widely studied issue around the world. However, oral health in 
western industrialised countries differs from that in the developing countries. 
Hence, my focus here is on articles from countries that correspond to Finland.  
 
2.1.1 Edentulousness and number of remaining teeth  
 
Many cross-sectional studies have been published world-wide on the number 
of remaining teeth in elderly populations, but only a few longitudinal studies 
have been published on cohorts born in the early years of the 20th century. In 
this generation the number of remaining teeth is quite low, as during past 
decades toothache was commonly treated by extraction. However, it remains 
the most reliable method for the eradication of dental infections. For example, 
in 1993-94 in Australia 7% of the patients received extractions (Brennan et al. 
2001). In general, data on elderly subjects from various parts of the world have 
shown loss rates of 0.1-1.0 teeth/year of their 8.8-18.1 remaining teeth. The rate 
of loss depended on country, cohort and gender (Ahlquist et al., 1989, McEntee 
et al., 1990, Lundgren et al., 1997, Nordström et al., 1998, Närhi et al., 2000, Fure 
et al., 2003). Details are given in Appendix 1.  
In the Nordic countries and USA the percentage of edentulousness has 
varied between 10% and 53% among the oldest old (Ahlquist et al., 1989, 
Ambjörnsen et al., 1986, Strayer, 1993, Marcus et al., 1996, Nordström et al., 
1998, Pajukoski et al., 1999, Närhi et al., 2000). Details are given in  Appendix 1. 
It has been showed that edentulousness is more prevalent among women than 
men (O’Mullane et al., 1993, Ainamo et al., 1994, Pajukoski et al., 1999).  
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2.1.2 Number of carious and filled teeth  
 
Table 1 gives details on carious and filled teeth in different countries and ages. 
The proportion of filled teeth varies between 39% and 77% while that of carious 
teeth between 3.6 and 43.0.  
 
TABLE 1 Studies on caries increment and number of carious and filled teeth given in 
alphabetical order by author.  
 
 
 
2.1.3 DMFT- and DMFS-index scores 
 
In a Swedish cohort born in 1911 the DMFS index for the proportion of missing, 
filled or decayed tooth surfaces showed a rise over 9 years from 71% to 75% 
while that of the sum score of decayed, missing and filled teeth (DMFT) showed 
no rise (88% vs. 88%) (Nordström et al., 1998). Ambjørnsen (1986) reported that 
non-institutionalised subjects had a DMFT index of 24.0±3.5 compared to DMFT 
25.2±3.1 for institutionalised subjects. Predictors for a five-year DMFT 
increment in the elderly in Helsinki, Finland, were male gender, low buffer 
capacity and high salivary yeast population (Närhi et al., 1999).  
 
2.1.4 Periodontal status  
 
Periodontitis is a common oral infection among the elderly. For example, two 
recent Finnish studies showed that 46-51% of the elderly dentate subjects living 
in Helsinki had deep periodontal pockets (Ainamo et al., 1994, Ajwani et al., 
2001) while a third study showed that 96% of dentate subjects had either 
calculus or deepened periodontal pockets (Meurman et al., 1997). The mean 
number of teeth with vertical bony pockets was 1.5 per person (Ainamo et al., 
1994). Närhi and co-workers (2000) (Oral Health Survey of the Helsinki Ageing 
Authors Country Age Carious teeth %  Carious teeth % /yr Filled teeth %  
Ahlqvist et al., 1999 Sweden 84   77.0 (women) 
Ambjörnsen, 1986 Norway >80 16.0  51.0 
Ainamo et al., 1994 Fin land 81 35.0 (men)   
   20.0 (women)   
Budtz-Jö rgensen et al., 1996 Swizerland 83 29.0   
Fejerskov et al., 1991 Danmark 69,1 13.2  39.2 
Flöystrand et al., 1982 Norway >75 16.0  45.0 
Lundgren et al., 1997 Sweden 
88-
92  14.2  
McEntee et al., 1990 USA 
79-
81 43.0 6.9 43.0 
McEntee et al., 1993 USA 
79-
81 13.3 7.0 63.3 
Nordstöm et al., 1998 Sweden 79 4.7  58.2 
Närhi et al., 2000 Fin land 81 13.6   
Pajukoski et al., 1999 Fin land 77 3.6   
Strayer, 1993 USA 73 9.8     
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Study) reported that radiographically detectable calculus was found in 35% of 
dentate subjects at the baseline and 36% at follow-up. 
 
2.1.5 Prosthetic status 
 
Prosthetic rehabilitation was examined and further prosthetic treatment needs 
were evaluated among a representative sample of 76-86-year-old inhabitants of 
Helsinki. Almost all of the edentulous subjects (94%) wore a full set of dentures 
in each jaw. Among the dentate subjects, 37% wore a complete denture in one 
jaw; 34% of the dentate subjects used acrylic removable partial dentures, and 
19% used metallic removable partial dentures. The age of the current dentures 
had varied from less than one year to over 50 years (Nevalainen et al., 1996). 
Another paper published by this project showed that prosthetic status had 
changed in 40% of the elderly dentate people over the five follow-up years: 25% 
received new dentures whereas 15% lost dentures that were not replaced 
(Nevalainen et al., 2004). Another Helsinki study showed that 41% of long-term 
patients aged 60 and older (mean age was 83.3 years (SD = 8.1)) had removable 
dentures, and that one in four were considered to be in need of repair or 
replacement (Peltola et al. 2004).  
 
 
2.2 General health status among elderly people 
 
 
Decline in general health status is a well-known phenomenon among elderly 
people: the number of diseases increases, functional ability deteriorates, 
respiratory capacity becomes poorer and muscle strength declines. This 
phenomenon is normal part of ageing. However, some factors have been shown 
to increase the rate of decline. Although functional capacity and mortality are 
not generally regarded as an indicator of general health status, in the present 
thesis the term general health status includes both of these along with 
morbidity and self-rated health (SRH).  
 
2.2.1 Morbidity   
 
The results by Laukkanen and co-workers (2003) showed that among an 80-
year-old population only 10% of men and 4% of women had no chronic disease 
at the baseline while of these who took part in the 5-year follow-up phase 24% 
and 2% had no chronic disease. The corresponding figures among the subjects 
who had died were 9% and 2%.  
At the age of 80 years every third and at age of 85 years every second 
person had an undiagnosed chronic disease (Laukkanen et al., 2003). According 
to Laukkanen and co-workers (2003) the number of diagnosed chronic diseases 
were 2.5±1.6 and 3.0±1.6 among men and women, respectively, born in 1910 
and living in Jyväskylä. The fact that women have higher morbidity than men 
was confirmed by von Strauss and co-workers (2003). Ranta (2004) studied 
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longitudinally the number of chronic diseases among a population born in 1914 
and living in Jyväskylä. When these subjects were 80 years of age the men had 
an average of 3.0 and the women 3.3 chronic diseases. The lowest number of 
diseases was reported among the subjects who survived to 85 years of age 
(Ranta, 2004) whereas the highest was among those men and women who died 
during the ten-year follow-up (2.7±2.0 and 3.3±1.7 vs. 2.4±1.2 and 2.9±1.6, 
respectively) (Laukkanen et al., 2003).  
 
2.2.2 Self-rated health  
 
A study reporting changes in general health status among a 75-year-old 
population showed that a mean value for SRH on a scale from 1 to 5 among 
men and women of 3.0 and 2.8, respectively; among those who reached the age 
of 85 the corresponding values were 3.3 and 3.2 (Ranta, 2004). In another 
Evergreen project the gender differences were not statistically significant, 
although women more often than men reported that their health had become 
worse and some of the men reported that their health had become better 
(Leinonen et al., 1998). However, nearly one half of the follow-up group 
reported that their health had become worse over the five-year period 
(Leinonen et al., 1998, Leinonen et al., 2001). In Ireland 23.8% of the subjects 
reported poor SRH (Tay et al., 2004). In several studies poor SRH was 
associated with a decrease in physical activity, multiple chronic diseases, 
depression and functional limitations (Leinonen et al., 1999, Leinonen et al., 
2001, Pollack et al., 2004) and increased the adjusted hazard ratio (HR) of all-
cause mortality for respondents with circulatory system disease, but not for 
respondents who were healthy (Idler et al., 2004, Walker et al., 2004). 
SRH seems to be age-adjusted; elderly people who say that their health 
has become worse as they age actually self-rate their health as the same or 
better than before (Leinonen et al., 1998). The relatively high stability found in 
SRH indicates that with increasing age older people adapt to their worsening 
health conditions (Leinonen et al., 2002).  
 
2.2.3 Functional ability 
 
Functional ability may be estimated in many different ways. For example, 
activities of daily living (ADL-scores) give an estimation of the ability to live 
independently. The final report of the Burden of Disease in Old age (BURDIS) 
network project defines disability as the gap between a person’s abilities and 
environmental requirements (BURDIS, 2004). This report states that 
approximately 20% of people aged 70 years or older, and 50% of people aged 85 
and over report difficulties in such basic ADL as bathing, dressing, toileting, 
continence, feeding, and transferring from chair to bed. These functions are 
known to be highly dependent on muscle strength and respiratory capacity.  
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2.2.3.1 ADL and physical activity 
 
Prevalence of disability based on dependency on assistance in any of the ADL 
items has been reported to be 9-16% (Beland et al., 1999, Konno et al., 2004). 
However, of the Finnish men and women born in 1910 47% and 67%, 
respectively, had one or more physical activities of daily living (PADL) 
difficulties (Laukkanen et al., 2003). A half of the respondents were disabled in 
at least one of ten indicators of instrumental activities of daily living (IADL) 
(Beland et al., 1999). This observation that women were more likely to report 
limitations, use of assistance, and a greater degree of disability, particularly 
among the IADL categories, was confirmed by Murtagh and co-workers (2004) 
and Beland and co-workers (1999). Furthermore, mean duration of disability in 
ADL and IADL among women were longer than among men by around 1 year 
(Konno et al., 2004). It has been suggested that women may be at a higher risk 
of developing severe disability than men at advanced ages due to their longer 
survival and slight disability earlier in adult life (von Strauss et al., 2003, 
Murtagh et al., 2004). Prevalence and incidence rates are reported to increase 
with age (Konno et al., 2004). 
The frequency of  men and women with PADL disabilities was twice as 
high among those who died (60% and 60%, respectively) compared to those 
who took part in the five-year follow-up phase of the Evergreen project (30 and 
30%) (Laukkanen et al., 2003). The risk of mortality had increased by 2.2-5.0-
fold when the subject was functionally dependent during the previous year 
(Konno et al., 2004). 
The results of previous studies have suggested some factors that may 
predict decline in ADL functions. Residential mobility (Chen et al., 2004), poor 
level hand-grip strength, dementia (Beland et al., 1999, Ishizaki et al., 2000, 
Sauvaget et al., 2002) and number of chronic diseases (Beland et al., 1999). 
Dementia, even after adjustment for age, sex and history of stroke, is reported 
to be a strong predictor of functional disability, as indicated by ADL (OR = 
14.0), IADL (OR = 10.1), and also by assessment of decline in ADL (OR = 9.8) or 
IADL status (OR = 3.9) (Sauvaget et al., 2002). 
On a scale from 1 to 6 validated by Grimby and co-workers (1986), men 
and women at the age of 80 years estimated their physical activity as 2.7 and 
2.5, respectively. However, for those men and women who survived to 85-years 
of age the corresponding mean scores were 3.2 and 2.9 (Ranta, 2004).  
 
2.2.3.2 Respiratory capacity and FEV1 
 
FEV1 expresses how fast a subject can exhale. Age-related physiological decline 
in this respiratory capacity is a well-known phenomenon and is caused by 
changes in pulmonary structures (Grinton, 1994, Suominen, 1991, Shephard, 
1997, Sabartes et al., 2003). The decline begins at age 20. In 70-75-year-old 
subjects vital capacity is about 50% of the values of young subjects (Goldberg et 
al, 1996, Sabartes et al., 2003). Ranta (2004) found a decline in peak expiratory 
flow rate (PEF) from 8.1 to 7.8 l/s among men and from 5.5 to 5.1 among 
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women over a 10-year follow-up. Again the poorest baseline values were 
reported among those who dropped out before the follow-up (Ranta, 2004).  
In addition to ageing some diseases may impair the respiratory capacity. 
Pulmonary diseases, such as pulmonary carcinoma, tuberculosis, chronic 
asthma, chronic bronchitis and fibrotic pleurisy, are regarded as having the 
most detrimental effect on pulmonary compliance, which in turn is known to be 
an important factor affecting a subject's ability to exhale high values of FEV1 
(Guyton, 1986). 
Physical fitness is an important determinant of respiratory capacity 
(Bunce, 2001). To achieve good FEV1 values strong musculature around the 
chest is needed, and hence, a sedentary lifestyle may also impair respiratory 
capacity. In elderly men FEV1 varied between 3.2±0.5 l/s and 2.8±0.4 l/s 
depending on the basal metabolic rate (Choi et al., 2004).  
 
2.2.3.3 Hand grip strength  
 
Hand grip strength is a commonly used crude indicator of total body strength 
(Rantanen et al., 1999). From mid-life on, muscle strength decreases on average 
by 1% per year, and the decline accelerates at the higher ages (Kallman et al., 
1990, Rantanen et al., 1998). Ranta (2004) showed a decline in hand grip 
strength from 410 to 325 N among men and from 250 to 190 N among women 
over ten years among a population aged 75 years at the baseline. In old age, loss 
of muscle strength predisposes people to functional limitations and disability 
(Nagi et al., 1976, Verbrugge et al., 1994, Sakari-Rantala et al., 1998, Rantanen et 
al., 2002). For example, a certain level of muscle strength is needed to climb 
stairs, carry bags of groceries or open jars (Rantanen et al., 1996, Rantanen et al., 
1998). Below this minimal strength level a need for formal and informal care 
exists. Rantanen and co-workers (2001) reported that the subjects with poorest 
hand grip strength had a 2.3-fold higher risk of losing independence in ADL 
than those with the best strength values. Among men who survived without 
ADL dependence grip strength was 452±173 N, but among those who became 
ADL-dependent it was 408±73 N. The corresponding figures for women were 
255±67 and 234±69 N, respectively (Rantanen et al., 2001). Sedentary lifestyle, 
nutritional factors, and chronic diseases are known to affect to poor muscle 
strength (Bales et al., 2002)  
Hand grip strength is known to be poor among those who have low socio-
economic status (Rantanen et al., 1992), have depression (Rantanen et al., 2000) 
and are underweight (Rantanen et al., 2000). Both sarcopenia and weight loss 
are nutritional entities that can lead to major functional impairment, morbidity 
and mortality (Bales et al., 2002). Poor muscle strength predicts disability, as 
much as 25 years prior to the disability event (Rantanen et al., 1999, Rantanen et 
al., 2002), and mortality (Rantanen et al., 2003).  
 
 20
2.2.4 Mortality  
 
According to data from Statistics Finland 19% of men and 45% of women born 
in the 1930s survived to age 80 while 3% of men and 10% of women survived to 
age 90. Laukkanen and co-workers (2003) reported that 38% of men and 26% of 
women born in 1910 and resident in Jyväskylä, Finland, died during the five-
year follow-up period. The most common cause of death was cardiovascular 
disease, followed by cancer (Laukkanen et al., 2003).  
 
 
2.3 Associations between oral and general health status 
 
 
The association between oral and general health status has attracted a growing 
interest during the last decade, resulting in the publications of numerous cross-
sectional studies. However, issues regarding the association between oral health 
status and changes in respiratory capacity and muscle strength have not been 
studied longitudinally.  
 
2.3.1 Oral health status and pulmonary functions 
 
A cross-sectional association between oral health status and respiratory 
capacity has been reported on four occasions previously, but longitudinally and 
indirectly only once. In the first of these, Österberg and co-workers (1990) found 
higher FEV1 among dentulous men (22.5±0.9 vs. 19.4±1.5) and women (15.7±0.6 
vs. 14.3±0.9) than in their edentulous counterparts. FEV1 was also correlated 
with the Eichner index that is known to reflect masticatory ability. The next 
study, by Hayes and co-workers (1998), showed COPD to have an indirect 
longitudinal association on oral health status. They found that alveolar bone 
loss (ABL) at the baseline was an independent risk factor for COPD, with 
subjects in the worst population quintile of bone loss at a significantly higher 
risk (OR = 1.8; 95% CI = 1.3, 2.5) than the others. Logistic regression analysis 
was used to determine the independent contribution of bone loss to the 
subsequent risk of developing COPD over a 25-year follow-up period. 
Covariates included measures of smoking, height, age, education, and alcohol 
consumption (Hayes et al., 1998). The third study was conducted by Russell and 
co-workers (1999). Oral colonization with respiratory pathogens in chronic-
care-facility residents (CCF) subjects was associated with the presence of COPD 
and higher plaque scores. These results suggested that deficient dental plaque 
control and the presence of COPD may be related to respiratory pathogen 
colonization of dental plaque in chronic-care-facility residents (Russell et al., 
1999). The fourth study, conducted by Scannapieco and co-workers (2001), 
showed that subjects with a history of COPD had more periodontal attachment 
loss than subjects without COPD (1.48 ± 1.35 mm versus 1.17 ± 1.09 mm, P = 
0.0001). Subjects with the mean attachment loss of (MAL) ≥3.0 mm had a higher 
risk of COPD than with MAL <3.0 mm (OR 1.45; 95% CI, 1.02 to 2.05). A trend 
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was noted in that lung function appeared to diminish with increasing 
periodontal attachment loss (Scannapieco et al., 2001). The latest study by 
Terpenning and co-workers (2002) investigated the importance of medical and 
dental factors in aspiration pneumonia in an older veteran population. They 
used regression analysis. Among other factors, the model included COPD, 
number of decayed teeth, number of functional dental units, and periodontal 
disease (Terpenning et al., 2001). Furthermore, it has been suggested that the 
association between COPD and nutritional status may also reflect the influence 
of oral health status (Calikoglu et al., 2004).  
COPD has been observed to cause systemic effects, such as skeletal muscle 
dysfunction, muscle mass wasting, and osteoporosis (Andreassen et al., 2003). 
Poor nutritional status caused by poor masticatory ability has also been 
reported to associate with COPD (Morley et al., 2001, Charlton, 2002, 
Roubenoff, 2003). As stated above, poor musculature around the chest does not 
allow high FEV1. 
 
2.3.2 Oral health status and muscle strength 
 
To our best knowledge the association between dental occlusion and muscle 
strength in an elderly population has previously been reported only cross-
sectionally (Österberg et al., 1990, Hirano et al., 1999, Yamaga et al., 2002). The 
first study on the association between muscle strength and oral health status 
was that by Österberg and co-workers (1990) on a Swedish elderly population. 
The results showed that dentate men (341.1 N ±10.0) had significantly higher 
hand grip strength than edentulous men (305.9±19.9). Similar findings were 
observed among women (220.7 N ±9.8 vs. 202.2 N ±11.5). The strength in men, 
but not in women, correlated with the Eichner index (Österberg et al., 1990). 
Hirano and co-workers (1999) reported not merely an association between the 
number of teeth and masticatory ability, but also between masticatory ability 
and grip strength. Masticatory ability was assessed by using a jelly of varying 
hardness. The authors showed a correlation of 0.773 (p<0.01) between the 
number of remaining teeth and masticatory ability and 0.391 (p<0.01) between 
the number of denture teeth and masticatory ability. The correlation between 
masticatory ability and grip strength was 0.099 (p<0.01). The most recent paper 
on this association, authored by Yamaga and co-workers (2002), revealed 
through multiple regression analysis, a significant correlation between leg 
extensor power and the Eichner index (Yamaga et al., 2002).  
There are, however, a number of studies on closely related issues. Poor 
ADL-scores are reported to associate cross-sectionally with poor Eichner index 
in men, but not in women (Österberg et al., 1990). Similar findings were 
reported from Italy by Appollonio and co-workers (1997a). They showed that 
the subjects with naturally adequate dental status had better IADL scores. Jette 
and co-workers (1993) found a direct association between specific areas of 
physical disability and current caries and edentulism. The risk of poor oral 
health did not increase with advancing age once the related risk factors were 
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controlled for (Jette et al., 1993). Subjects with mobility disabilities were at 
increased risk of tooth loss; those with personal care limitations were at 
increased risk of current caries (Jette et al., 1993).  
The only longitudinal study relating to this issue was that authored by 
Shimazaki and co-workers (2001). Their six-year longitudinal study was 
conducted in Japan and found that poor oral health is a predictor of incidence 
of physical disability in the institutionalised elderly. Edentulous subjects not 
using dentures had an OR of 6.0 for physical disability (Shimazaki et al., 2001). 
The OR of having no or only a few teeth was reported to be 1.7 in 80-year-old 
persons who needed help with mobility, and 2.7 in persons aged 75 to 80 with 
sustained need of help with mobility from. The OR of chewing difficulties was 
1.7 in 80-year-old people in need of help, and 1.8 in persons aged 75 to 80 
needing sustained help.  
Finally, it needs to be emphasised that poor hand grip strength in elderly 
people associates with increased mortality (Rantanen et al., 2003).  
 
2.3.3 Oral health status and mortality 
 
Coronary heart disease (CHD) is commonly known to be the major cause of 
premature death among men in the developed world and its pathological basis 
is atherosclerosis. Hence, this issue is also discussed in the present chapter.  
There have been several reports of an association between oral health 
status and CHD (Österberg et al., 1990, Rees, 1994, Joshipura et al., 1996, Hujoel 
et al., 2000, Takata et al., 2000, Shimazaki et al., 2001, Jansson et al., 2002, 
Meurman et al., 2003, Janket et al., 2004). When controlled for potential 
covariates periodontitis increased OR to 1.5 for CHD, 1.9 for fatal CHD and 2.8 
for stroke (Rees, 1994), and to 1.67 for CHD among men with 10 or fewer 
periodontally infected teeth compared with men with 25 or more teeth and a 
healthy periodontium (Joshipura et al., 1996). However, gingivitis has not been 
observed to associate with CHD (Hujoel et al., 2000). A correlation between 
poor oral health and increased mortality risk was significant even when persons 
dying from cardiovascular diseases were excluded from the analyses (Jansson 
et al., 2002).  
Edentulousness was seen in 35% of a CHD group and in 15% of a non-
CHD group (P<0.001). The CHD group had significantly fewer teeth (8.8±9.1) 
than the non-CHD group (17±10.5; P<0.001) (Meurman et al., 2003). CHD is 
commonly diagnosed by electrocardiograph (ECG). Individuals with <20 teeth 
had increased prevalence of ST segment depression, and T-wave abnormalities 
than those with >20 teeth (Takata et al., 2000). A recent Japanese study showed 
that in addition to high age, male gender, poor physical-mental health and 
certain diseases, the number of missing teeth also significantly predicted 
mortality (Shimazaki et al., 2001). Edentulous subjects using dentures had an 
OR of 1.3 for mortality, but edentulous subjects not using dentures the OR was 
1.8. In Finland, Janket and co-workers (2004) have developed an asymptotic 
dental score (ADS) in which dental factors expected to generate inflammatory 
mediators, including pericoronitis, dental caries, dentate status, root remnants, 
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and gingivitis were combined in a single index. A model that included ADS, C-
reactive protein, HDL, and fibrinogen offered an explanatory ability that 
equaled or exceeded that of the Framingham heart score (C statistic = 0.82 
versus 0.80). When ADS was removed from this model, the C-statistic fell to 
0.77, which indicates that the ADS was a significant contributor to the 
explanatory ability of a logistic model.  
 
 
2.4 Factors linking dental and general health status  
 
 
In a study of 70-year-old people in Sweden Österberg and co-workers (1990) 
found an association between dental health and reduced functional capacities in 
several organ systems. Lung volume, bone mineral content, muscle strength, 
survival rate and cognitive functions were found to be independently 
associated with dental health, assessed according to the Eichner index. This 
association may reflect not only normal functional ageing but also social and 
psychological factors such as life-style, educational level and social support. 
Only a few studies have explored the mechanisms behind this phenomenon, 
with varying results. According to the final report of the Burden of Disease in 
Old age (BURDIS) network project, diseases and behavioural factors such as 
physical activity, dietary habits and smoking can be regarded as predictors of 
functional limitations. Moreover, gender differences and socio-economic status 
should not be over booked.  
 
2.4.1 Socio-economic status (SES) 
 
Low socio-economic status (SES) is a risk factor for general health. Highly 
educated subjects are known to have better pulmonary capacity (Burr et al., 
1987), stronger muscles (Rantanen et al., 1992), a healthier lifestyle (Vescio et al., 
2003) and to live longer (Mustard et al., 2003) than those with low education. 
Low SES also correlated positively with the number of missing teeth (Kossioni 
et al., 1999), Eichner index (Nordström et al., 1998) and edentulousness 
(Österberg et al., 1990, Marcus et al., 1996 and Johansson et al., 1994), even 
among older people. In a Norwegian population the number of missing teeth 
was highest among those who had education one year or less (16.6±7.2) and 
lowest among those who had education over two years (9.5±6.1) (Ambjørnsen 
et al., 1986). Risk for partial tooth loss increased up to 2.21 among those whose 
household income was less than $20 000 (Moore et al., 1998). Those from the 
lower socio-economic classes were approximately half as likely to use dentures 
despite experiencing considerable tooth loss (OR 0.53, 95% CI 0.34, 0.83), after 
controlling for other factors (McGrath et al., 2002). Both the latter studies were 
conducted in the USA.  
The reasons for abovementioned findings might be the fact that subjects 
with high level of education have been found to have better oral hygiene 
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(Christensen et al., 2003, McMillan et al., 2003) and they have received better 
dental and medical treatment during their lives than less educated (Loesche et 
al., 1995). Regular dental visit frequency and long education associated with 
low mean percentage of decayed teeth (DT%) and high number of filled teeth 
(FT%) (Ambjørnsen, 1986). The figures for highly educated and for regular 
attenders were 13.5±6.1 and 11.5±6.4, respectively, as against 6.2±7.2 and 8.8±7.0 
for less educated and irregular attenders. Because the medically healthy elderly 
subjects had excellent dental health and the sickest persons were either 
edentulous or had many missing teeth (Loesche et al., 1995), it can be concluded 
that highly educated subjects have the best oral and general health 
characteristics (Norderyd et al., 1999, Forslund et al., 2002).  
In the cross-sectional study by Welle and co-workers (2004) from Norway, 
1,275 subjects aged 18-73 years underwent pulmonary testing, including the 
single-breath carbon monoxide transfer capacity of the lungs (TL,CO). 
Educational level was used as an index for SES. In a multiple linear regression 
analysis, adjusting for age, height, haemoglobin, carboxyhaemoglobin, smoking 
habits, occupational exposure, FEV1 and body mass index (BMI), TL, CO was 
significantly related to educational level in males but not in females. In this 
study, socio-economic status was found to be an independent determinant of 
TL, CO (Welle et al., 2004). Corresponding observations were also made by 
Rantanen and co-workers regarding muscle strength (1992); the less educated 
sedentary women showed the poorest performance in the strength tests. 
When a high body mass index was included (Kaluski et al., 2001, Patterson 
et al., 2004), the lower social groups had a more adverse risk factor profile for 
mortality with the exception of smoking in women and HDL cholesterol in 
men. The risk of death in college-educated men was 50% of that found for men 
with no formal education (Vescio et al., 2003). The age-adjusted all-cause 
mortality risk for male and female home renters was 1.55 and 2.12 times higher 
than that for their owner-occupants counterparts. 14 different risk factors 
explained 51% (men) and 64% (women) of the social differences in deaths 
(Woodward et al., 2003). In addition to subjects' own educational level, parents' 
social class affects the risk profile. Men whose fathers at their time of birth were 
working class or of unknown social class had higher mortality rates compared 
with those whose fathers were high/middle class: HR 1.39 vs. 2.04. Mortality 
from cardiovascular diseases and violent deaths was also significantly higher 
among men with fathers from the lower social classes (Osler et al., 2003). 
However, no socio-economic inequality in mortality was found between men 
and women (Mustard et al., 2003). 
 
2.4.2 Smoking 
 
There is a direct causal relation between smoking and general and oral health 
status. Furthermore, smoking can also be regarded as an indicator of a negative 
attitude to health. All in all, smokers have more diseases (Henley et al., 2004) 
and die earlier (Doll et al., 2004, Naess et al., 2004) than non-smokers. They have 
weaker muscles than non-smokers (Al-Obaidi et al., 2004) and they are more 
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likely to have sarcopenia (Castillo et al., 2003). It is commonly known that 
smoking deteriorates pulmonary capacity. Current (44 ml/pack/day) and 
cumulative (85 ml/10 packs/year) cigarette smoking were significant 
predictors of reduced maximal level of FEV1 in males but not in females during 
a three-year follow-up period (Wang et al., 2004). Smokers with COPD had an 
increased number of neutrophils and CD8+ cells in the airway smooth muscle 
compared with non-smokers. Smokers with normal lung function also had a 
neutrophilic infiltration in the airway smooth muscle, but to a lesser extent. 
When all the subjects were analysed as one group, neutrophilic infiltration was 
inversely related to FEV1 (% predicted) (Baraldo et al., 2004). The authors 
suggested that microlocalisation of neutrophils and CD8+ cells in the airway 
smooth muscle in smokers with COPD suggests a possible role for these cells in 
the pathogenesis of smoking-induced airflow limitation. 
Smoking has been reported to correlate significantly with the loss of teeth 
(Ahlquist et al., 1989, Österberg et al., 1990, Appollonio et al., 1997a, Moore et 
al., 1998, Xie et al. 1999). Krall et al. (1997) showed that men who smoked had a 
2.4-fold and women a 3.5-fold risk of tooth loss compared with non-smokers. 
Men who smoked cigarettes had a 4.5-fold increased risk of edentulism. Also 
the number of cigarettes smoked daily played a role in this respect.  
A meta-analysis from six studies reported periodontitis OR of 2.82 of for 
smokers (Gelskey, 1999) and periodontal disease progression was twice more 
rapid in smokers than in non-smokers and retarded bone loss among those who 
had quit smoking compared to those who continued to smoke (Bolin et al., 
1993).  
 
2.4.3 Nutrition 
 
It is surprising that respiratory capacity has been found to be associated with 
nutrition. After adjustment for region, social class, and smoking, changes in 
fresh fruit consumption levels were positively and significantly associated with 
changes in FEV1, highlighted by a more marked fall in FEV1 in subjects who 
reduced their fresh fruit consumption the greatest compared to those with no 
change. The implication is that the cross-sectional effects of fresh fruit 
consumption on ventilatory function appear to be reversible and not 
progressive, as consistently low levels of fresh fruit intake did not appear to 
increase decline in lung function (Carey et al., 1998). However, the association 
between nutritional status and respiratory capacity may reflect changes in oral 
health status (Calikoglu et al., 2004).   
Edentulousness is an independent risk factor for significant weight loss 
(Ritchie et al., 2000), which is not a normal part of ageing. Weight loss usually 
represents some underlying disease process (Bales et al., 2002). Sarcopenia and 
weight loss may occur separately from functional decline, which often occurs 
along with these two factors (Bales et al., 2002). According to the review by 
Morley and co-workers (2001), eating problems are one of the reversible causes 
of weight loss in older people. This is confirmed by the reviews by Charlton 
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(2002) and Roubenoff (2003). The OR of chewing difficulties has been reported 
to be 1.7-1.8 in people in need of ADL help (Avlund et al., 2001).  
People with poor oral health are reported to have difficulties in eating 
certain food stuffs (Dormenval et al., 1995, Mojon et al., 1999, Sheiham et al., 
1999, Budtz-Jorgensen et al., 2001). Edentulism can lead to dietary choices that 
adversely affect serum cholesterol and triglyceride levels, as well as overall 
protein intake (Nordenram et al., 1996). This theory was supported by 
Johansson and co-workers (1994), who showed higher levels of total serum 
cholesterol and triglyceride among edentulous subjects. They also had eaten 
less fruit, vegetables and fibre, were more obese and were more often smokers 
than their dentulous counterparts. These factors are known to increase the risk 
of premature death. Maintaining a natural and functional dentition (>20 teeth) 
plays an important role in maintaining a healthy diet rich in fruit and 
vegetables, satisfactory nutritional status, and an acceptable BMI (Marcenes et 
al., 2003). Having natural teeth and several functional oral zones is important 
for food consistency choice (Nordenram et al., 1996). However, chewing ability 
is not the only factor affecting this issue. Attitude to health also contributes 
importantly to both oral health status and nutrition. It may be reflected in the 
fact that dentate men with deep periodontal pockets had higher serum 
cholesterol, lower density lipoprotein cholesterol levels (Katz et al., 2002) and 
increased incidence of cardiovascular diseases (Jansson et al., 2000) compared to 
subjects with a healthy periodontium.  
 
2.4.4 Gender 
 
Women tend to lose their teeth earlier than men, and hence female gender (OR 
2.0) with age between 80-90 years (OR 2.5) was the strongest risk factor for 
edentulousness in a study of a population in Eastern Finland (Pajukoski et al., 
1999). In old age men have been reported to lose more teeth than women 
(Locker et al., 1996, Fure et al., 2003). Närhi and co-workers (1999) showed that 
male gender increased risk for tooth loss up to 2.28-fold during a five-year 
follow-up period compared to women in a population from Helsinki born 
during the first decade of the 20th century. 
Men have numerically more decayed root surfaces than women and also a 
higher frequency of periodontal problems in the Nordic countries (Ambjørnsen, 
1986, Ainamo et al., 1994, Nordström et al., 1995), but fewer filled teeth than 
women (Ambjørnsen, 1986, Slade et al., 1997). The figures for filled teeth in men 
and women were 2.6 and 6.8, respectively in the study by Ambjørnsen (1986).  
Men are commonly known to die earlier than women, but women are 
known to have weaker muscles and poorer respiratory capacity than men.  
 
2.4.5 Diseases, medication and becoming institutionalized 
 
Subjects with ADL are commonly treated in institutions in the Western 
countries. Subjects with disabilities are known to have lower forced vital 
capacity (FVC) and PEF (but not FEV1) (De Filippi et al., 2003) and poorer 
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muscle strength than subjects without disability (Kell et al., 2001). Further, poor 
general and oral health status are reported to interrelate with poor functional 
capacity (Avlund et al., 2001). The subjects with the poorest general health are 
known to have a high drop-out rate in follow-up studies. Närhi and co-workers 
(1999) showed that those who had participated in a five-year follow-up had 
9.4±9.6 remaining teeth, but those who had dropped out had a significantly 
smaller number of remaining teeth (7.0±8.4).  
Institutionalized subjects are reported to have a higher number of carious 
but lower number of filled teeth than non-institutionalized subjects 
(Ambjørnsen, 1986, McEntee et al., 1993, Pajukoski et al., 1999). A Norwegian 
study showed that non-institutionalised elderly had 1.6 decayed and the 
institutionalised 2.4 carious teeth while the corresponding figures for filled 
teeth were 5.1 and 3.1 (Ambjørnsen, 1986). In the USA the corresponding 
figures for was 1.0±1.8 and 3.4±4.4, and for filled teeth 15.2±7.0 and 9.9±5.8 
(McEntee et al., 1993). In a Finnish study Pajukoski et al. (1999) reported that 
among older adults the respective mean number of decayed teeth in non-
hospitalised patients and hospitalised patients was 0.6±0.9 and 1.3±2.2. 
Moreover, the rate for mean net DFS increment was higher among 
institutionalised than non-institutionalised subjects: the respective figures for a 
population in the USA were 4.6 and 2.0 per subject per year (McEntee et al., 
1993). However, the Swiss study by Budtz-Jørgensen (1996) showed no 
relationship between prevalence of caries and degree of dependence. Poor 
general health status is also a risk for periodontal disease. Poor compliance 
(Wilson, 1999) and osteoporosis in women (3.65±0.18 vs. 2.86±0.19) increased 
the loss of periodontal bone attachment (Von Wowern et al., 1994). Moreover, 
subjects with non-insulin diabetes mellitus (NIDDM) had significantly more 
often advanced periodontitis than control subjects: 40% vs. 12% (Collin et al., 
1998). The authors concluded that advanced periodontitis seems to be 
associated with the impairment of metabolic control in patients with NIDDM. 
Diabetic subjects are known to be susceptible to infectious disease in general 
(Rayfield et al., 1982).  
The number of drugs taken daily increases as general health status 
deteriorates. The number of drugs taken daily has been reported to correlate 
significantly with the loss of teeth (Österberg et al., 1990, Pajukoski et al., 1999) 
and to be good predictor for caries increment in the elderly (Steele et al., 1998, 
Närhi et al., 1999, Pajukoski et al., 1999). However, contrary findings were 
reported from Switzerland by Budtz-Jørgensen (1996) who showed no 
relationship between caries prevalence and number of medications. 
Ambjørnsen (198)6 and MacEntee and co-workers (1993) found a higher 
number of remaining teeth among non-institutionalised than institutionalised 
subjects: 14.0 vs. 9.8 and 21.4±7.6 vs. 17.2±7.1. The corresponding figures in the 
study by Pajukoski and co-workers (1999) were 10.3±7.6 in hospitalised and 
16.3±7.4 in non-hospitalised patients. Edentulousness was observed in 66% of 
the hospitalised and 42% of the non-hospitalised patients.  
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2.4.6 High age 
 
Until the middle of the last century a link was assumed to exist between 
increasing age and the gradual loss of a subject’s remaining teeth. However, 
nowadays tooth loss is regarded as mostly an outcome of oral diseases, due to 
either dental or periodontal disease, which are the two commonest reasons for 
tooth loss (Chestnutt et al., 2000, Brennan et al., 2001, McCaul et al., 2001). In 
advanced age having multiple systemic diseases and medications increases the 
risk of oral diseases by decreasing the level of salivation with subsequent 
xerostomia (Närhi et al., 1999). The number of medications among very old 
subjects is a better predictor of risk status, than either age or gender (Field et al., 
2001). Although deepened periodontal pockets are regarded as an outcome of 
periodontal disease and not part of the normal ageing process, the prevalence of 
periodontitis has been observed to increase with advancing age (Nordström et 
al., 1998). However, contrary findings have also been reported, showing that 
statistically significant differences need not occur among very old subjects 
(Soikkonen et al., 1998). The inflammatory process in periodontal disease in 
very old subjects is known to differ from that in the young (Tenovuo et al., 1992, 
Bruunsgaard et al., 2003). 
A 9-year longitudinal study by Nordström and co-workers (1998) showed 
an increasing rate of tooth loss, root caries, and periodontal disease with 
increasing age. This is not surprising, as the plaque score, which is known to 
increase the risk of caries lesions, was observed to be twice as high at 92 than at 
88 years of age; the proportion of subjects with high levels of lactobacilli and 
mutans streptococci was also higher at 92 than 88 years of age (Lundgren et al., 
1997). Furthermore, the final pH was higher at the age of 92 (Lundgren et al., 
1997). Among elderly people the proportion of partially edentulous subjects 
using dentures is high. They have higher microbial counts than persons with 
natural dentition (Nevalainen et al, 2004).  
The older the subject is the more general health problems, poorer muscle 
strength (Kallman et al., 1990, Rantanen et al., 1998), poorer respiratory capacity 
(Guyton, 1986) and higher mortality risk s/he has.  
 
2.4.7 Physical activity 
 
Subjects with 20 or more remaining teeth were more active in leisure sports (OR 
4.86) and travel (OR 5.42) than those with fewer than 20 remaining teeth in a 
Japanese study (Tada et al., 2003). The authors suggested that the number of 
remaining teeth is associated with physical activity in elderly persons. Men who 
remained active had higher FEV1 and FVC than the other groups (Cheng et al., 
2003) and stronger muscle strength (Gauchard et al., 2003).  
 
2.4.8 Infections and cytokines  
 
As stated above, dental infections, which are one of the commonest infections in 
the human body, have previously been found to associate with poor muscle 
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strength, respiratory deficiencies, atherosclerosis and mortality. One of the 
suggested pathways linking these factors is cytokine release at the site of 
inflammation caused by an infectious pathogen or traumatic injury. Meurman 
and co-workers (1997) showed that CRP was 48.0±94.8 among those who had 
horizontal alveolar bone loss compared to 36.6±69.0 among those who did not 
have. A corresponding finding was observed with regard to vertical bone 
pockets (no 26.6±61.9, yes 56.1±99.4). Increased TNF-α and IL-6 values have also 
been observed in the periapical infections (Barkhordar et al., 1999, Loos et al., 
2000, Bezelj-Ribaric et al., 2002, Radics et al., 2003). Cytokine levels have also 
been observed to associate with respiratory capacity. Serum IL-6 concentration 
levels were higher in COPD patients (8.0 +/- 0.1 pg/ml; P < 0.0001) than in 
healthy non-smokers (4.9 +/- 0.2 pg/ml) with a correlation in the latter group 
between age and IL-6 levels (r = 0.597; P < 0.05) (Bucchioni et al., 2003). This 
association was confirmed by Godoy and co-workers (2003). Pulmonary 
emphysema and periodontal disease are each characterized by the uncontrolled 
proteolysis of connective tissue proteins by proteinases derived from human 
neutrophils (Travis et al., 1994). In the case of emphysema, where there is clear 
evidence that the primary cause of the disease is the accumulation of foreign 
materials in the lungs (e.g., smoke condensate), followed by the recruitment of 
neutrophils to the organ and the release of oxidative and hydrolytic enzymes. 
In periodontitis, however, the problem begins with the accumulation of plaque 
at the base of the teeth, followed by the growth of opportunistic anaerobic 
bacteria below the gum line (Travis et al., 1994). Pneumonia-related mortality 
and morbidity of elderly institutionalised individuals are high (Irvine et al., 
1984, Marrie et al., 1986, Mehr et al., 1992, Beck-Sague et al., 1993). The results of 
the study by Russel and co-workers (1999) suggested that deficient dental 
plaque control and the presence of COPD might be related to respiratory 
pathogen colonisation of dental plaque in chronic-care-facility residents. In fact, 
the efficacy of an oral hygiene regimen including the use of topical 0.12% 
clorhexidine in preventing postoperative pneumonia in surgical patients has 
been reported (Deriso et al., 1996). A significant reduction in the postoperative 
incidence of respiratory tract infections, a lower need for postsurgical 
antibiotics, and a lower mortality rate were found in the clorhexidine-treated 
group. 
The loss of muscle mass and strength that occurs with ageing is described 
clinically as sarcopenia (Rosenberg, 1989, Roubenoff, 2001). It is an important 
contributor to the development of frailty and functional impairment during 
ageing (Grimble, 2003). Population studies have shown that the magnitude of 
the increase in the concentration of IL-6 is a reliable marker of functional 
disability and a predictor of disability (Cohen et al., 1997, Pahor et al., 1998, 
Ferrucci et al., 1999, Harris et al., 1999, Bales et al., 2002) owing to the 
contribution of cytokines to muscle protein breakdown and nitrogen loss (Bales 
et al., 2002), thereby decreasing the muscle mass and strength in the elderly 
(Doherty, 2001, Visser et al., 2002, Barbieri et al., 2003). A Japanese study by 
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Kaizu et al. (2003) revealed that muscle mass indices had a significantly 
negative correlation with both serum IL-6 and CRP levels.  
The reason why infections increase the risk of atherosclerosis is the fact 
that fibrinogen, which is one of the acute-phase proteins in infections, is also an 
important component of the coagulation cascade. Elevated levels of plasma 
viscosity increase thrombogenic potential (Kweider et al., 1993) and, hence, the 
release of pro-inflammatory cytokines (IL-6 and TNF-α) by leukocytes may 
contribute to the pathogenesis of ischemic stroke (Grau et al., 2001). Moreover, 
it is becoming increasingly clear that infections and chronic inflammatory 
conditions such as periodontitis may influence the atherosclerotic process 
(Kinane et al., 2001). 
 3 AIMS OF THE STUDY 
 
 
The purpose of the present study was to examine prospectively changes in the 
dental status of 80-year-old men and women and how the dental status 
associates with changes in general health status, including mortality and 
functional capacity. More specifically, the purpose was to examine the 
following questions:  
 
1) What changes occur in dental status over a ten-year follow-up period 
among a dentate population?  
2) Does dental status associate with functional capacity and, if so, does 
dental status predict a decline in functional capacity over a 5-year follow-
up period among an 80-year-old population?  
3) Do oral health characteristics predict mortality over a ten-year follow-up 
period among 80-year-old subjects? 
4) How does oral health correlate with selected background variables, 
including blood counts, socio-economic and general health factors? 
 
 
3.1 Theoretical model of the determinants of oral health and 
general health status 
 
 
A schematic presentation of the determinants of the association between oral 
health and general health status is given in Fig. 1. Basically, the model assumes 
that oral health status is not merely an indicator of general lifestyle and 
common underlying factors, but also that the oral cavity is a source of infection. 
The aim of this study was to determine what the associations exist between oral 
health and general health status among very old people when adjusted for 
potential confounders, such as smoking and education, rather than find 
explanations for all the phenomena relating to this issue.  
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3.2 Hypotheses 
 
 
It was hypothesised that oral health would deteriorate during the ten-year 
follow-up period and that the elderly subjects would lose their teeth in the 
course of time. It was also assumed that those taking part in all phases of the 
present study would be those with the best oral health characteristics. The 
working hypotheses were based on the assumption that those with the best oral 
health characteristics would be the longest survivors and that with respect to 
the general health variables those with poor oral health would have the lowest 
hand grip strength and FEV1 and show the greatest reduction in both variables 
during the follow-up. Moreover, we posited that increased ESR would correlate 
with impaired oral health status.  
 
        
General health status
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-Self-rated health
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FIGURE 1  Analytical model of the assumed associations between oral and general 
health status.  
 4 MATERIAL AND METHODS 
 
 
The study is part of the Evergreen project, an ongoing major research and 
development project being carried out in Jyväskylä, central Finland. The main 
aim of the project is to describe the levels and predictors of health and 
functional capacity in elderly people. The design of the project and the methods 
used are described in detail elsewhere (Heikkinen, 1997, 1998). The baseline 
data were collected in 1990, the five-year follow-up was conducted in 1995, and 
the 10-year follow-up in 2000, by interviews, questionnaires and examinations 
carried out either at the study centre or in the participants’ homes. In the 
present work the main focus was on baseline dental status and follow-up 
measurements of general health status at 5 and/or 10 years. Details of the 
material and methods are described in the original communications I-V.  
As stated in the review of the literature, in the present thesis the term 
“general health status” includes morbidity, SRH, functional capacity and 
mortality. 
 
 
4.1 Material  
 
 
The target population was selected on 1 January 1990 and consisted of all the 
subjects who were born in 1910 and resident in the city of Jyväskylä. This 
population comprised 291 people (78 males, M/213 females, F) of whom 283 (76 
M/207 F) were eligible (Fig. 2). The eight missing subjects were one man and 
five women who died, and two subjects who moved away from Jyväskylä 
before the examinations started. Of the eligible population 92.6% took part in 
the interview, 72.4 % in the medical examination and 79.9% in the dental 
examinations. The interviews were conducted in the participants’ homes and 
the medical and dental examinations at the study centre. However, the dental 
examinations were also done at home for those (n=21) who were not able to 
attend the study centre. Thus, more subjects took part in the dental than 
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medical examinations. The study design of the Evergreen project was approved 
by the ethical committee of the University of Jyväskylä.  
Of the eligible population 21 subjects refused to participate in either the 
examinations or interviews. The reasons for the refusals are not known. 
Another 57 subjects agreed to the interview, but not to the examinations at the 
study centre. On the basis of the interview data, these subjects did not differ 
from those who took part in the medical examinations with regard to gender or 
SRH, but the number of chronic diseases was higher among the participants 
(2.3±1.3 vs. 1.7±1.4, p<0.05). Of the participants 98 (28 men / 64 women) were 
dentate.  
During the next five years 116 subjects died, so that in 1995 the eligible 
population was 167 (40 M/127 F). Of this number, 88.6 % took part in the 
interview, 57.5% in the medical examination, and 55.7% in the dental 
examination. In this first follow-up phase the dental examinations were only 
conducted at the study centre, whereas baseline oral health status had also been 
established in the participants’ homes. On the basis of the baseline examination 
and interview data, the subjects who were not able to attend to the study centre 
did not differ from those who took part in the examinations with regard to 
dental status, SRH or the number of chronic diseases, but baseline grip strength 
was higher among participants (256.1 N± 93.2) than refusals (207.2 N± 109.1, 
p=0.001). Of those who took part in the dental examinations 40 (15 M / 25 F) 
were dentate. 
The third and final follow-up examination was done in the year 2000. By 
then, 197 people had died, leaving an eligible population of 86 (19 M/67 F) of 
whom 79.1% took part in the interview, 48.8% in the medical examination, and 
75.6% in the dental examination. Again the dental examinations were 
conducted at home for those (n=23) who were not able to attend the study 
centre. On the basis of the interview and dental examination data at the 
baseline, the subjects who refused the dental examination did not differ from 
those who took part in either the medical or dental examinations with regard to 
gender, SRH, or morbidity, but the number of intact teeth was significantly 
higher and DMFT-index scores were significantly lower among the participants. 
Those who had low baseline FEV1 had an increased mortality risk (p=0.016). Of 
those who took part in the dental examinations 26 (10M / 26F) were dentate. 
The fact that a subject survived beyond the age of 89 did not necessarily 
mean that s/he took part, due to various reasons, in all the three examinations. 
Only 48 people (13M/35F) participated in all the three examinations. 
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FIGURE 2  The eligible population in different phases of the ten-year follow-up and the 
number of subjects who either took part in the interviews and dental 
examinations or refused. Numbers of deceased subjects are also given. 
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4.2 Methods  
 
 
A summary of the measurements used as confounders in the thesis is shown in 
Table 2. The methods are described in more detail in the original articles (I-V).  
 
TABLE 2  Confounders used in the analyses. The Roman numerals refer to the original 
reports. Although the association between oral health and hand grip strength 
was studied in the original article III, baseline hand grip strength was also used 
as a confounder in these longitudinal analyses.  
                   
Confounders I II III IV V
Smoking (no/yes) x
Education (years) x x x
Self-rated health (scale 1-5) x x
Physical activity (scale 1-6) x x
The last year of dental treatments x
No. of chronic conditions (scale 0-10) x x x
Pulmonary disease (no/yes) x
Baseline hand grip strtength (N) x x
Height (cm) x x
Weight (kg) x
ESR (mm/h) x
Glucose (mmol/l) x
Haemoglobin (g/l) x
Gender x x x x x
 
 
 
4.2.1 Interviews and questionnaires 
 
The structural home interviews, which dealt with socio-economic status, 
lifestyle and physical activity, were carried out by students from the University 
of Jyväskylä who received special training for the purpose. At the baseline and 
at the 5-year follow-up the participants filled in a health questionnaire at home 
and it was checked when they attended the examinations held at the study 
centre. At the 10-year follow-up the questionnaire was administered by 
interview.  
Educational level was assessed by asking: “How many years of education 
have you had?” A continuous scale was used. The results were found to be 
normally distributed. 
Self-rated health was elicited by the question:”How would you describe 
your health during the last year?” The scale used was as follows: 1=unusually 
good, 2=good, 3=moderate, 4=not so good, rather poor, 5=extremely poor. For 
the statistical analyses the number of categories was reduced to three: 1-2, 3 and 
4-5. 
Smoking was elicited by the question: “How many years have you been 
smoking?” The scale used was continuous, but the data were found to be 
skewed. This was caused by the high proportion of non smokers (78.1%). The 
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duration of smoking in years was regrouped for certain statistical analyses into 
two classes: those who had never smoked regularly and those who had smoked 
for one year or more.   
Physical activity was elicited by a question: “How do you exercise?” The 
scale validated by Grimby and co-workers (1986) was as follows: 1=mostly 
sitting; 2=mostly sitting, sometimes walking, or light tasks such as straightening 
up, heating food, dusting; 3=light physical exercise, such as walking, fishing, 
and gardening, 2 to 4 hours a week; main responsibility for domestic work such 
as cooking, dusting, straightening up, taking part in weakly cleaning; 
4=moderate exercise, such as jogging, gymnastic exercise, heavier gardening, 
home repairs, 1 to 2 hours a week; responsible for all domestic activities light 
and heavy; 5= moderate exercise at least 3 hours a week; 6=strenuous exercise 
several times a week.  
Among the questions regarding health, socio-economic status and life-
style, the last year of dental treatments was elicited by the question: "When did 
you last visit a dentist (year)?” 
 
4.2.2 Examinations in the study centre 
 
Examinations in the study centre took about six hours and focused on general 
health status, anthropometric characteristics and physical performance.   
Before the strength tests commenced, a physician examined the 
participants in the study centre to collect information about chronic diseases 
and to assess possible contraindications. The subjects were asked to bring along 
all their prescriptions and medical records. A disease was ascertained as chronic 
when it had lasted longer than 3 months. From these data pulmonary diseases 
were extracted as a separate variable. Furthermore, the sum of the number of 
chronic conditions diagnosed by a physician was used as a variable to describe 
morbidity. The scale was between 0 and 10. 
FEV1 was measured in the standing position using an electronic 
spirometer (Medikro 202, Kuopio, Finland). The subject was asked to inhale 
maximally and to exhale into the mouth-piece connected to the flow transducer 
as forcefully as possible. FEV1 was obtained automatically from the flow-
volume curve. At least two tests were performed and the best result was taken 
for the analyses. The percentage decline in FEV1 from the baseline to the follow-
up was used in the prospective analyses. 
Maximal isometric hand grip strength was measured on the side of the 
dominant hand in an erect sitting position using an adjustable dynamometer 
chair constructed at the Department of Health Sciences, University of Jyväskylä 
(Viitasalo et al., 1985). The dynamometer was fixed to the arm of the chair. The 
subjects were allowed two or three practice trials followed by three 
measurements with an intertrial rest interval of 1 minute. No more than a few 
seconds was allowed for the production of maximal voluntary force, which was 
expressed in Newtons (N). The best result of the three was taken for the 
analysis. The decline in grip strength was calculated by subtracting the baseline 
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result from the follow-up result and then converting it into a percentage 
change.   
Body weight and height, expressed as kilograms and centimetres, were 
measured at the baseline in the laboratory.  
Blood samples were also collected during the examinations in the study 
centre, but only in the year 1995. The erythrocyte sedimentation rate, blood 
glucose and haemoglobin were determined.  
 
4.2.3 Dental examinations 
 
The dental examinations were performed by the same dentist assisted by a 
dental nurse who also filled in the records. The examination was a clinical 
examination only; no radiographs were taken. Recording dental status and 
assessing the need for treatment formed one component of the examination. 
Healthy teeth, carious teeth, teeth both carious and filled, filled teeth, prosthetic 
crowns, and missing teeth were recorded. For the diagnosis of caries lesions 
WHO recommendations were followed and a DMFT index was calculated 
(WHO, 1987). 
Edentulous subjects with ill-fitting dentures were given a value of –1 
while those with well-fitting dentures were coded as 0. Dentures were assessed 
as ill-fitting if they were broken, unstable, or the bite was too deep as assessed 
by the examining dentist. Vertical dimension of occlusion was regarded as too 
deep if the lips protruded in profile or the corners of the mouth were furrowed 
and drooping. Pontics of fixed partial dentures and implant supported crowns 
were not counted as prostheses but as missing teeth.  
In the clinical dental examinations the Community Periodontal Index of 
Treatment Needs (CPITN) (Ainamo et al., 1982) was assessed by an experienced 
dentist. For the CPITN, periodontal status was recorded for gingival bleeding 
on probing, the existence of calculus and deepened periodontal pockets (>4 
mm) for each dental sextant. The depth of the periodontal pocket was measured 
by probing around each tooth several times using WHO-recommended ball-
point periodontal probes. For these analyses, the value of the worst dental 
sextant of each subject was taken and the data then regrouped into two 
categories: 1) current periodontitis, and 2) no clinical signs of periodontitis 
(dentate and edentulous subjects combined).  
The subject was regarded as in urgent need of dental treatment if there 
was pain or a clinically detectable infection or a situation which would lead to 
serious disease if not treated. For example, if a subject had a chronic periapical 
abscess, acute necrotizing ulcerative gingivitis, oral abscess or oral cancer s/he 
was regarded as in urgent need of dental treatments. 
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4.2.4 Mortality data 
 
In the year 2000 ten-year mortality data were received from the population 
register for every deceased subject (n=150) who took part in the baseline dental 
examinations. 
  
4.2.5 Statistical methods 
 
The SPSS 11 program for Windows was used for the statistical analyses (SPSS, 
Chicago, IL, USA). To compare means for various characteristics between men 
and women, t-test for independent samples was used at both the baseline cross-
sectional and prospective analyses. To compare means for various 
characteristics between subjects with different regrouped dental status at the 
baseline and follow-up, ANOVA followed by the post hoc LSD (least significant 
difference) test was used. Correlations between dental status and number of 
chronic diseases, blood counts and SRH were analysed separately for the 
categorised variables (Spearman) and the continuous variables (Pearson). The 
eventual multivariate regression models were calculated by linear, logistic or 
Cox regression analyses as the significance of each factor had already been 
assessed by univariate analysis. Except for periodontal data, oral health status 
in these analyses was used as a continuous variable. The multivariate regression 
models were calculated both at the baseline and follow-up. The potential 
confounders used were gender, existence of pulmonary diseases, number of 
chronic conditions, smoking, height, weight, length of education, physical 
activity and hand grip strength as an indicator of total body strength. 
Furthermore, estimated marginal means for FEV1 and strength decline by 
means of a general linear regression model were calculated to see what effects 
the adjusting factors had on the original means.  
  
5 RESULTS 
 
 
Here, the results of the five original articles have been summarized to provide 
answers to the research questions presented earlier in chapter 3 on the aims of 
the study.  
 
 
5.1 Baseline general health status, lifestyle and socio-economic 
status 
 
 
The majority of men (57.4%) and women (62.8%) rated their health as moderate 
while 23.5% and 22.2%, respectively, reported good health. The difference 
between the sexes was not significant. 
The number of baseline self-reported concomitant chronic conditions 
varied from zero to eight (mean 2.9±1.6; 2.5±1.5 in men and 3.0±1.6 in women). 
The difference between the sexes was significant (p=0.046). 
Baseline grip strength among men was 343.9±82.7 N and among women 
195.8±59.6 N. The mean individual change in grip strength over the 5-year 
follow-up was –5.7±18.1 % in men and –19.3±26.1 % in women. 
Men had over 30% higher FEV1 at the baseline than women (2.16±0.62 l vs. 
1.62±0.39 l). The mean individual change in FEV1 over the 5-year follow-up was 
–2.77±16.34 % among men and –9.18±13.53% among women. 
Among men and women the blood glucose values were 5.1±1.3 mmol/l 
and 5.8±2.5 mmol/l, respectively, while haemoglobin values 144.2±18.0 g/l and 
138.3±14.5 g/l and ESR 14.4±10.6 and 16.7±13.6. However, the gender 
differences were not statistically significant.  
Smoking was more common among men than women. Only 25.0% of 
men, but 94.6% of women had never smoked (p<0.001). The men who smoked 
had done so for 3 to 75 years (mean 39.8±20.6 years). Similarly, the women who 
smoked had done so for 1 to 40 years (mean 12.3±14.4 years). However, most of 
the subjects who reported smoking were ex-smokers. Only 18.85% of men and 
0.6% of women were current smokers.  
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At the baseline 52.3% of men and 61.8% of women assessed their physical 
activity as 3 (light physical exercise, such as walking, fishing, and gardening, 2 
to 4 hours a week; main responsibility for domestic work such as cooking, 
dusting, straightening up, taking part in weekly cleaning) or 4 (moderate 
exercise, such as jogging, gymnastic exercise, heavier gardening, home repairs, 
1 to 2 hours a week; responsible for all domestic activities light and heavy). At 
the baseline the means by gender were similar (2.8±1.1), but became 
significantly different during the ten-year follow-up period (men 1.9±1.1, 
women 1.6±0.9, p=0.036).  
The level of formal education among this population of the oldest old was 
fairly low: 51.0% of the interviewed subjects had attended only primary school 
for 0 to 4 years. Among men length of education varied between 0 and 28 years 
(mean 6.0±4.3 years) and among women between 0 and 20 years (mean 5.6±3.2 
years). The difference between the sexes was not statistically significant.  
During the ten-year follow-up period 55 (74.3%) of the men and 104 
(64.4%) of the women who took part in the interviews died. 
 
 
5.2 Dental status 
 
 
The main finding regarding oral health status was the high proportion of 
edentulous subjects, particularly among women. The details for all the oral 
health characteristics are given in Table 3.  
The gender difference increased during the follow-up period so that 
among those who took part in both follow-up occasions the figures of 
edentulousness for men and women were 30.8% and 62.9%, respectively. 
Among those who took part in each phase of the study the difference between 
the sexes was on the border of statistical significance at the baseline (OR 3.81, 
95% CI 0.95-14.88, p=0.050). The gender difference was statistically significant 
both 5 (OR 4.31, 95% CI 1.10-16.96) and 10 years thereafter (OR 4.80, 95% CI 
1.17-19.64). 
The men, in particular, who took part in all three phases of the study, had 
by far the best dental health. The longitudinal characteristics are given in Table 
4. The baseline mean CPITN score among dentate men was 2.5±1.2 and among 
dentate women 2.0±1.1 while 5 and 10 years later the corresponding scores were 
2.6±1.5 and 2.8±1.6 among men and 1.9±1.5 and 1.7±1.3 among women. The 
change was statistically significant between the 5- and 10-year follow-up phases 
among men (p=0.037), between first and second measurement occasions among 
women (p=0.030). 
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TABLE 3  Cross-sectional oral health status among men and women at age of 80- 85- and 
90-years. 
                   
Oral health of men 1990 1995 2000
Edentulousness (%) 56.9 46.2 35.7
No. of reimaining teeth 14.0 (7.3) 12.4 (7.9) 13.1 (8.5)
No. of intact teeth 5.6 (5.6) 5.9 (5.6) 7.1 (6.8)
No. of decayed teeth 3.4 (4.6) 1.6 (2.3) 1.2 (1.3)
No. of filled teeth 4.8 (4.5) 5.0 (5.4) 4.9 (6.7)
DMF-index score 26.2 (5.6) 26.0 (5.6) 24.9 (6.8)
CPITN score 0 (%) 3.6 13.3 11.1
CPITN score 1 (%) 17.9 13.3 11.1
CPITN score 2 (%) 25.0 20.0 22.2
CPITN score 3 (%) 28.6 6.7 0
CPITN score 4 (%) 25.0 46.7 55.6
In urgent need of dental treatments (%) 4.6 19.2 28.6
Oral health of women 1990 1995 2000
Edentulousness (%) 60.2 65.7 70.8
No. of reimaining teeth 10.9 (6.8) 10.6 (7.8) 10.9 (8.6)
No. of intact teeth 3.1 (3.4) 2.6 (2.9) 2.9 (3.3)
No. of decayed teeth 1.0 (1.6) 1.0 (1.6) 1.9 (2.3)
No. of filled teeth 6.5 (6.2) 6.4 (6.4) 6.2 (7.8)
DMF-index score 28.8 (3.4) 29.4 (2.9) 29.1 (3.3)
CPITN score 0 (%) 9.4 24.0 20.0
CPITN score 1 (%) 26.6 16.0 26.7
CPITN score 2 (%) 32.8 24.0 33.3
CPITN score 3 (%) 21.9 16.0 6.7
CPITN score 4 (%) 9.4 20.0 13.3
In urgent need of dental treatments (%) 3.7 13.4 12.5  
 
TABLE 4  Dental indices (±SD) among dentate men and women who took part in the 10-
year follow-up. Differences have been calculated by t-test for paired samples. 
 
 
______________________________________________________________________________________
1990 (1) 1995 (2) 2000 (3) P (1,2) P (1,3) P (2,3)
________________________________________________________________________
Total N=22 N=22 N=22
N:o of teeth 16.5 ± 7.3 14.5±7.8 13.0±6.7 0.001 0.001 0.024
N:o of intact teeth 5.9 ± 5.8 5.6±5.1 5.0±5.5 0.334 0.166 0.163
N:o of decayed teeth 1.3 ± 1.5 1.2±1.6 1.8±2.1 0.486 0.619 0.156
N:o of filled teeth 8.9 ± 8.0 7.9±6.9 6.3±7.8 0.181 0.003 0.049
DMF index 25.8 ± 5.8 26.4±5.1 27.0±5.5 0.061 0.053 0.163
_______________________________________________________________________________________
 
 
TA
BL
E 
5 
 
C
or
re
la
tio
ns
 b
et
w
ee
n 
ba
se
lin
e 
or
al
 h
ea
lth
 a
nd
 b
ac
kg
ro
un
d 
va
ri
ab
le
s 
am
on
g 
80
-y
ea
r-
ol
d 
m
en
 a
nd
 w
om
en
 a
t t
he
 b
as
el
in
e.
 T
he
 c
or
re
la
tio
ns
 
be
tw
ee
n 
th
e 
ba
se
lin
e 
ge
ne
ra
l h
ea
lth
 s
ta
tu
s 
an
d 
ch
an
ge
s 
at
 th
e 
5-
ye
ar
 fo
llo
w
-u
p 
in
 th
e 
ge
ne
ra
l h
ea
lth
 v
ar
ia
bl
es
 a
re
 sh
ow
n.
  
 
   
   
  
Or
al 
he
alt
h s
tat
us
Sm
ok
ing
Ed
uc
ati
on
SR
H*
Ph
ys
. a
ct.
M
or
bid
ity
PD
§
Gr
ip 
str
en
gth
St
re
ng
th
 de
cli
ne
FE
V1
FE
V1
 de
cli
ne
He
igh
t
M
EN
(no
/ye
s)
 (y
ea
rs)
Sc
ale
 1-
5
Sc
ale
 1-
6
Sc
ale
 0-
10
(ye
s/n
o)
(N
)
(%
)
(l)
(%
)
(cm
)
Ed
en
tul
ou
sn
ess
0.4
29
0.1
44
0.2
29
-0.
20
0
0.1
25
0.0
97
-0.
38
8
0.0
59
-0.
38
7
-0.
07
8
-0.
30
6
N:
o o
f t
ee
th
-0.
49
9
0.1
17
-0.
28
3
0.2
41
-0.
10
4
-0.
06
0
0.4
41
-0.
12
0
0.4
17
0.0
22
0.2
53
N:
o o
f i
nta
ct 
tee
th
-0.
63
9
0.0
54
-0.
17
3
0.3
87
-0.
10
7
-0.
23
1
0.4
68
-0.
26
9
0.4
14
-0.
32
0
0.1
61
N:
o o
f c
ari
ou
s t
ee
th
-0.
03
4
0.0
64
-0.
32
0
0.0
06
-0.
21
0
-0.
02
9
0.0
37
-0.
23
1
0.0
10
-0.
00
1
0.0
93
N:
o o
f f
ille
d t
ee
th
-0.
38
7
0.1
60
-0.
15
1
0.1
42
-0.
02
7
0.0
16
0.3
32
0.0
80
0.2
28
0.0
72
0.2
50
DM
F i
nd
ex
 sc
or
e
0.5
71
-0.
06
7
0.1
75
-0.
42
3
0.1
03
0.2
39
-0.
49
4
0.2
20
-0.
42
0
0.1
37
-0.
19
6
CP
IT
N
0.3
31
-0.
11
9
0.1
74
-0.
15
0
0.1
29
0.0
71
-0.
32
5
-0.
17
6
-0.
30
9
-0.
08
3
-0.
32
3
CP
IT
N 
x n
:o 
of 
tee
th
-0.
49
8
0.1
75
-0.
26
4
0.2
47
-0.
07
7
-0.
07
6
0.4
24
-0.
13
4
0.3
58
-0.
13
0
0.1
72
Cu
rre
nt 
pe
rio
do
nti
tis
-0.
40
2
0.0
40
-0.
22
3
0.1
42
-0.
07
2
-0.
06
4
0.2
56
-0.
33
6
0.4
15
-0.
07
7
0.0
75
Ur
ge
nt 
tre
atm
en
t n
ee
d
0.1
23
0.0
49
0.0
80
-0.
28
8
0.0
69
0.3
96
-0.
36
1
-
-0.
11
2
-0,
25
4
-0.
06
6
W
OM
EN
Ed
en
tul
ou
sn
ess
0.0
28
-0.
29
7
0.0
12
-0.
01
8
-0.
03
6
0.0
22
0.0
37
0.1
63
0.0
39
-0.
16
7
-0.
01
4
N:
o o
f t
ee
th
-0.
06
6
0.4
77
-0.
09
2
0.0
34
-0.
02
8
-0
.04
6
0.0
71
-0.
28
3
0.0
52
0.0
93
0.0
60
N:
o o
f i
nta
ct 
tee
th
-0.
02
5
0.1
87
0.1
37
-0.
17
8
0.1
21
0.0
34
0.0
33
-0.
14
8
0.0
17
0.0
12
0.0
10
N:
o o
f c
ari
ou
s t
ee
th
-0.
05
6
0.0
56
0.0
12
-0.
02
6
0.0
09
0.0
05
-0.
08
3
-0.
12
2
-0.
06
2
-0.
02
8
-0.
05
8
N:
o o
f f
ille
d t
ee
th
-0.
00
7
0.5
34
-0.
17
9
0.1
54
-0.
09
2
-0.
11
0
0.1
02
-0.
28
6
0.2
44
-0.
02
1
0.0
78
DM
F i
nd
ex
 sc
or
e
0.0
28
-0.
19
1
-0.
14
2
0.1
71
-0.
09
9
-0.
02
7
-0.
04
1
0.1
19
0.0
02
-0.
08
1
-0.
00
5
CP
IT
N
0.0
24
-0.
26
4
0.0
26
-0.
05
0
-0.
04
8
-0.
00
9
0.0
52
0.0
62
0.0
76
-0.
22
7
-0.
01
2
CP
IT
N 
x n
:o 
of 
tee
th
-0.
05
9
0.3
45
-0.
02
8
-0.
02
0
-0.
05
7
-0.
06
4
0.1
28
-0.
27
5
0.1
97
-0.
08
6
0.0
47
Cu
rre
nt 
pe
rio
do
nti
tis
0.0
13
0.1
92
0.0
55
-0.
05
2
0.0
07
0.1
16
0.0
77
-0.
22
5
0.0
40
-0.
12
1
0.0
09
Ur
ge
nt 
tre
atm
en
t n
ee
d
-0.
05
3
-0.
01
3
0.0
13
0.0
62
-0.
04
2
-0.
06
8
0.1
46
-0.
02
1
0.0
33
-0.
11
2
0.0
00
* S
elf
-ra
ted
 he
alt
h
§ P
ulm
on
ary
 di
sea
se
 
 
43
 44 
5.3 Correlations between oral and general health status and 
background variables 
 
 
The correlations between the dental status findings and background variables 
are given in detail in Table 5. Among men most of the oral health variables 
correlated significantly with smoking, hand grip strength and FEV1, and among 
women with education. Moreover, some associations between oral health and 
SRH and physical activity can also be seen.   
Smoking increased the risk for edentulism among men (OR 9.58, 95% CI 
1.80-50.96), but not among women. Similarly, smoking increased the risk for 
periodontitis among men (OR 0.15, 95% CI 0.04-0.63).  
The correlations between the dental status findings and blood counts are 
given in Table 6. Among men significant correlations were found between ESR, 
remaining lifetime and urgent need of dental treatment, whereas among 
women these were between ESR and FEV1. Among men who were in urgent 
need of dental treatment ESR was 26.6±18.0 compared to 11.4±5.9 among those 
who were not (p=0.003). 
 
TABLE 6  Correlations between blood counts and oral and general health variables 
among 85-year-old men and women. The bolded figures show the significant 
values. 
 
Blood counts FEV1* Grip
strength
Mortality¶ No. of teeth CPITN† In urgent need of
dental treatment§
Morbidity‡
MEN
ESR** -0.268 0.063 -0.329 -0.191 -0.171 0.565 0.049
Glucose -0.055 -0.100 -0.168 -0.269 -0.149 0.162 0.233
Hemoglobin 0.175 0.119 0.147 0.360 0.403 -0.178 0.217
WOMEN
ESR -0.248 0.020 -0.079 -0.037 0.017 -0.008 0.053
Glucose -0.184 0.068 0.021 -0.094 -0.088 0.007 0.329
Hemoglobin 0.028 0.053 -0.116 -0.174 -0.176 -0.053 -0.105
* Forced expiratory volume during first second
¶  Lifetime in days
† Community Periodontal Index of Treatment Needs
‡ Number of chronic conditions (scale 0-10)
§ See material and methods for explanation
** Erythrocyte sedimentation rate  
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5.4 Oral health status as a predictor of changes in general health 
status 
 
 
Crude FEV1 values were lowest among edentulous men and highest among 
men who had the poorest periodontal health (Table 7). In men the difference 
was significant (p=0.001) even after adjusting for all the potential confounders. 
The final regression model included pulmonary diseases (value of standardised 
β-coefficient=-0.437, p<0.001), periodontal status (β=0.370, p=0.002) and body 
height (β=0.250, p=0.033) (Constant B=-2.7, p=0.089) giving an adjusted 
coefficient of multiple determination (R2-value) of 0.487. The estimates 
calculated by variance analysis and adjusted by pulmonary disease and body 
height were lowest among the edentulous subjects and highest among those 
with periodontitis (p=0.001). In women, however, neither the regression 
analysis nor analyses of variance showed any association between FEV1 and the 
oral health categories. 
 
TABLE 7  The means and estimated marginal means of FEV1 (l) with standard errors (SE) 
and 95% confidence intervals (95% CI) at the baseline among 80-year-old 
people with different oral health status. The estimated values are adjusted for 
pulmonary disease and body height.  
             
 
 
 
Oral health status Mean FEV1 (SE) 95% CI Estimated mean 
FEV1 (SE)
Estimated 95% CI 
 
 
Men 
   Edentulous 1.97 (0.10)‡ 1.78-2.17 2.04 (0.08)§ 1.89-2.20 
   CPITN 0-2* 2.21 (0.17) 1.83-2.58 2.07 (0.13)¶ 1.82-2.32 
   CPITN 3-4† 2.62 (0.16) 2.28-2.98 2.58 (0.13) 2.33-2.83 
 
Women  
  
   Edentulous 1.63 (0.04) 1.55-1.72 1.64 (0.04) 1.56-1.72 
   CPITN 0-2* 1.57 (0.07) 1.43-1.71 1.57 (0.06) 1.46-1.69 
   CPITN 3-4† 1.69 (0.09) 1.51-1.87 1.67 (0.09) 1.49-1.85 
 
 
*the Community Periodontal Index of Treatment Needs score 0-2: periodontal pockets less than 4 mm in depth, but 
either bleeding on probing or calculus may be observed 
†Score 3-4: periodontal pockets 4 mm or more 
‡Differs significantly from CPITN 3-4 when tested by ANOVA followed by post hoc test LSD (p=0.001). 
§Differs significantly from CPITN 3-4 (p=0.001). 
¶Differs significantly from CPITN 3-4 (p=0.006).  
 
The mean change in FEV1 over the 5-year follow-up was –2.8% (SE 3.3) in men 
and –9.2% (SE 1.7) in women (p=0.065).  The decline among smokers did not 
differ from that among non-smokers. The changes in FEV1 over the 5-year 
follow-up among those men and women who either were edentulous or had a 
CPITN index score of 3-4, indicating poor oral health, were similar. Hence, it 
was decided to combine these two groups. Furthermore, even though the 
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decline in FEV1 was greater in women, no gender by periodontitis interaction 
was observed in relation to reduction in FEV1. Consequently, both sexes were 
included in the same analyses.  
The reduction in FEV1 was greatest among subjects with either 
periodontitis or those who were edentulous while no reduction during the 
follow-ups was observed among those with a healthy periodontium (p=0.006, 
Table 8). The remaining significant variables in the stepwise regression model 
were gender (β=-0.384, p<0.001) and dichotomised periodontal status (CPITN 
score 0-2 vs. other score values; β=-0.244, p=0.022) with a constant (B=22.1, 
p=0.015). The adjusted R2-value for this model was 0.191. Analysis of variance 
showed that the estimated reduction in FEV1 among subjects with either 
periodontitis or edentulousness was steeper than among dentate subjects 
without periodontal problems (p=0.006, Table 8).  
 
TABLE 8  The baseline mean and estimated marginal mean change (%) over 5 years in 
FEV1 with standard errors among 80-year-old people with different oral health 
status. The estimated reduction is adjusted by gender, which was the only 
remaining confounder in the multivariate model. 
 
 
 
Oral health status Mean FEV1  (SE) 95% CI Estimated mean 
FEV1 (SE)
Estimated 95% CI 
 
 
CPITN 0-2* 1.10 (3.98)‡ -7.34-9.53 0.97 (3.35)§ -5.69-7.62 
Edentulous/CPITN 3-4† -9.48 (1.59) -12.63- -6.31 -9.44 (1.64) -12.70- -6.19 
 
*See explanation in Table 7: periodontal pockets less than 4 mm in depth 
†periodontal pockets 4 mm or more 
‡Differs significantly from edentulous / CPITN 3-4 when tested by t-test for independent samples (p=0.006).  
§Differs significantly from edentulous / CPITN 3-4 (p< 0.001).  
 
In the unadjusted analyses among the men, those with a greater number of 
teeth had greater grip strength (P-value for trend, 0.016, Fig. 3) while no 
association was found in women. Adjusting the means for the presence of 
periodontitis, weight and height did not materially change the results. No cross-
sectional association between periodontitis and grip strength was observed in 
either men (356.8 N, SE 26.1 vs. 340.3 N, SE 11.8, n.s.) or women (199.0 N, SE 
14.9 vs. 196.1 N, SE 5.2, n.s.) in the adjusted analyses. 
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FIGURE 3   The baseline hand grip strength in 80-year-old men and women grouped 
according to their prosthodontic and dental status. Means + standard errors 
are shown. P for trend, men 0.016, women 0.255. 
 
The mean change in individual grip strength over the 5-year follow-up was –
7.0% (SE 4.0) in men and –19.8% (SE 3.1) in women. No significant association 
was observed between the number of teeth at the baseline and change in grip 
strength over five years in either the crude or adjusted analyses in either men or 
women. Among the men with periodontitis, the average decline was –14.5% (SE 
8.1, n=7) while among those with a healthy periodontium at the baseline the 
decline was –0.9% (SE 4.1, n=12, p=0.111). Among women the corresponding 
values were -30.7% (SE 5.4, n=11) vs. –16.4% (SE 4.0, n=45, p=0.043). Even 
though the decline in strength was greater in women, no gender by 
periodontitis interaction was observed on change in hand grip strength. 
Consequently, both sexes were included in the same multivariate analyses. The 
decline in hand grip strength adjusted for gender, height, weight, number of 
chronic conditions and physical activity was more than two-fold greater among 
those with periodontitis compared to those with a healthy periodontium (Fig. 
4). 
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FIGURE 4  Percentage change in handgrip strength over five years among 80-year-old 
men and women with and without periodontitis at the baseline (P=0.015). 
Values are adjusted for gender, height, weight, number of chronic 
conditions and physical activity. Means with standard errors are shown. 
 
Mortality was significantly predicted by gender, the number of chronic 
diseases, SRH, physical activity, number of missing teeth and urgent need of 
dental treatment (Table 9). Thus, the ten-year mortality rate of men was 59% 
higher than that of women, each missing tooth increased mortality among both 
sexes by 3% and each chronic disease by 14% over the ten-year period. The 
mortality rate was 2.6 times higher among edentulous men and women 
compared to those with 20 or more teeth. Among the 85-year-old subjects the 
five-year mortality rate increased among those who were in urgent need of 
dental treatments (HR 3.944, 95% CI 1.770-8.788).  
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TABLE 9  Predictors of mortality over 10 years in men and women aged 80 at the 
baseline tested univariately by the Cox regression model (n=226). Note: the 
variables “Urgent need of dental treatments” and “ESR” are predictors over 5 
years in 85-year-old people.  
 
 
_______________________________________________________
Variable HR 95% CI
_______________________________________________________
No. of missing teeth 1.028 1.005-1.053
No. of intact teeth 0.975 0.927-1.026
No. of decayed teeth 0.976 0.902-1.058
No. of filled teeth 0.958 0.922-0.995
DMF-index 1.030 0.979-1.083
No. of teeth, regrouped
 (1) 20 teeth or more 1.000
 (2 vs. 1) 1-19 teeth 2.669 1.146-6.216
Urgent need of dental treatments 3.194 1.523-6.698
No. of teeth 0.976 0.953-0.999
CPITN¶
(1) CPITN 0
(2 vs. 1) CPITN 1
(3 vs. 1) CPITN 2
(4 vs. 1) CPITN 3
(5 vs. 1) CPITN 4
1.000
1.973
1.379
2.257
1.755
0.865-4.500
0.518-3.676
0.905-5.626
0.674-4.567
CPITN x no. of teeth 0.991 0.983-0.999
Education (years) 0.964 0.918-1.013
No. of chronic diseases
Male gender
1.159
1.411
1.050-1.280
1.025-1.941
Self-rated health
 (1) Poor
 (2 vs. 1) Moderate
(3 vs. 1) Good
1.000
0.524
0.484
0.322-0.851
0.340-0.690
Non-smoker/smoker 0.811 0.551-1.193
ESR                                                       1.016               0.996-1.036
______________________________________________________
¶Community periodontal index of treatment need. See material and methods for details.
 
  
The survival curves showed that edentulous men had a significantly increased 
mortality risk compared to those with 20 teeth or more. See Fig. 5. Among 
women those with 1-19 teeth had a higher mortality risk (p=0.085) compared to 
those with 20 teeth or more. The survival curves based on urgent need of dental 
treatment are given in Fig. 6.  
The multivariate analyses for both 5- and 10-year survival showed that 
oral health variables remained in the models as well as general health and 
lifestyle factors. Details are given in original reports IV and V.  
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FIGURE 5  Survival curves for men and women in relation to number of teeth in three 
classes (edentulous, partially dentulous and dentate). 
 
 
                    
FIGURE 6  The survival curves among those who were and those who were not in 
urgent need of dental treatment.  
 6 DISCUSSION 
 
 
The purpose of the present series of studies was to examine oral health in 
elderly people and to find out if and how it predicts changes in general health 
status over five- and ten-year follow-up periods. Further, we were interested in 
whether the possible associations between dental health, respiratory capacity, 
muscle strength and mortality would remain after adjusting the analytical 
models for possible confounders such as lifestyle factors and socio-economic 
status. These examinations were conducted within a larger prospective study 
focusing on the functional capacity and health of an entire cohort of elderly 
people. 
In part, the present series of studies described the characteristics and 
changes in oral health status during the follow-up period. The results 
confirmed the hypothesis that dental health would deteriorate during the 
follow-up period and that the deterioration would be reflected in the decreasing 
number of intact teeth in men and the decreasing number of filled teeth in 
women. The most significant deterioration during the ten-year follow-up 
period in men was found in the number of teeth and DMFT-index score, 
whereas in women the most significant change was observed in the numbers of 
teeth and filled teeth, which indicated extractions. Among men the decrease in 
the number of intact teeth could also indicate an increasing incidence of either 
caries lesions or periodontal problems, but the decreasing proportion of 
decayed teeth suggests that tooth loss was the only reason for this 
phenomenon. The stability of the DMFT-index scores over time in women 
reflects the fact that every extracted or decayed tooth had been filled and, thus, 
none of the intact teeth were either extracted or decayed. 
We reported here for the first time on the longitudinal relationships 
among respiratory capacity, muscle strength and poor oral health status. Cross-
sectionally these relationships have been reported earlier by other authors 
(Österberg et al., 1990, Travis et al., 1994, Hayes et al., 1998, Hirano et al., 1999, 
Russell et al., 1999, Scannapieco et al., 2001, Terpenning et al., 2001, Yamaga et 
al., 2002). In the present project the poorest baseline FEV1 was found in men 
who used complete dentures and steepest decline in FEV1 over the follow-up 
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period among those who were edentulous or had periodontitis. It has been 
hypothesised that the increased number of oral bacteria among those with poor 
oral health status are aspirated into the airways and, hence, the steepest decline 
would thus be explained by this factor. This is supported by the present finding 
that among 85-year-old women the highest ESR values were among those who 
had the lowest FEV1 values. However, no microbial samples were taken. Our 
results showed that edentulousness associated significantly with poor 
respiratory capacity at the baseline. Five years later, the reduction in FEV1 was 
greatest among subjects who either had complete dentures or diagnosed 
periodontitis. The main result of the investigation regarding muscle strength 
was that among the 80-year-old subjects the presence of periodontitis predicted 
a steeper decline in handgrip strength, while a small number of remaining teeth 
was associated with decreased grip strength in the cross-sectional analyses.  
Studies IV and V showed that the lower the number of teeth a subject had 
and the more urgent the need of dental treatment was at the baseline, the higher 
was that individual's risk for death between the ages of 80 and 90 years. These 
dental variables were found to be significant predictors of mortality even after 
controlling for factors of general health status. Thus, the results support our 
hypothesis, showing that those elderly men and women with the best oral 
health characteristics were those who survived during the five- and ten-year 
observation period. Moreover, we found that the men who were in urgent need 
of dental treatment had increased ESR values.  
 
Explanatory factors 
 
Multiple plausible mechanisms have been offered to explain the association 
between oral and general health status. According to the literature (see pp. 14-
30) one explanation is offered by dental inflammation present or past, which 
may lead to loss of teeth and impaired general health status. This explanation is 
supported by the current findings. In oral infections, such as deep carious 
lesions and periodontitis, increased levels of IL-6 and TNF- α receptors are 
present in gingival and pulpal tissues (Barkhordar et al., 1999, Loos et al., 2000, 
Pezelj-Ribaric et al., 2002, Gamonal et al., 2003, Graves et al., 2003, Radics et al., 
2003, Soga et al., 2003). Untreated, these infections will lead to either periapical 
or horizontal alveolar bone loss, culminating in tooth loss, or whether natural or 
extraction by a dentist (Ong, 1998). The role of cytokines has recently attracted 
growing interest in studies on strength loss and mortality. As stated above, in 
the present study no microbial samples or blood tests for cytokine analyses 
were taken. Thus, our findings can only indirectly be used in assessing the 
causality of infection. 
Oral infections, especially periodontitis with horizontal alveolar bone loss, 
tend to be inconspicuous and of long standing, but they are also among the 
most common infections in the human body. These periodontal pockets are 
known to harbour bacteria and thus are particularly harmful to the frail 
(Meurman et al., 1997). Periodontal pathogens have been isolated from infected 
lungs (Russel et al., 2001, Terpenning et al., 2001, Mojon, 2003). This finding 
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may relate to the fact that complete denture wearers have the highest microbial 
counts in their saliva (Ajwani et al., 2003) and that micro-organisms originating 
in the oral cavity are known to be able to colonise the pharynx (Rajasuo et al., 
1996, Sumi et al., 2003) and, further, to be aspirated into the lungs inducing 
pneumonia (Langmore et al., 1998, Terpenning et al., 2001, Imsand et al., 2002). 
Ajwani and co-workers (2003) showed that dentate subjects without dentures 
had the lowest CRP values while edentulous subjects with complete dentures 
had the highest values for this serum inflammatory marker. Further, Visser and 
co-workers (2002) and Payette and co-workers (2003) showed that a high level 
of IL-6 correlated with sarcopenia and poor muscle strength, particularly in 
women. Finally, a detectable serum level of TNF-α was associated with death 
within 13 months (Mooradian et al., 1991). 
Another potential mechanism explaining the association between oral and 
general health is offered by poorer masticatory ability and nutrient intake 
among those with fewer teeth (Appollonio et al., 1997a, Appollonnio et al., 
1997b, Carey et al., 1998, Charlton, 2002, Yamaga et al., 2002, Bruunsgaard et al., 
2003, Marcenes et al., 2003, Calikoglu et al., 2004). This mechanism is supported 
by the current finding showing that those with well-fitting dentures had greater 
grip strength than those with ill-fitting dentures. It also is possible that during 
the follow-up period persons with poor oral health may have developed new 
diseases that have lead to a decline in general health. 
There are also other factors which may, at least partly, explain the current 
findings. For example, some life-style features may affect both general health 
variables and oral health. There is some evidence to show that those with more 
teeth lead a physically more active life than those with fewer teeth (Tada et al., 
2003). As we adjusted the current analyses for physical activity, we do not 
believe that the higher level of physical activity among those with more teeth is 
an adequate explanation of the differences. Selective drop-out does not explain 
our results either. Participation in the study required people to be able to leave 
home and visit the research laboratory. This resulted in a selection bias that is 
common in follow-up studies among older people: subjects with better 
objectively measured health were able to participate more in the retests. The 
risk of death and drop-out was higher among those with poorer general health 
and poorer oral health at the baseline. Hence, the variation within the lowest 
values diminished and the effect of impaired general and oral health was 
underestimated rather than overestimated. Had we been able to assess those 
members of the cohort who were confined to their homes, this bias might have 
been avoided and the results might have shown more pronounced.   
 
Gender differences 
 
Excluding periodontal status the dental health of women was significantly 
worse than that of men. Edentulousness, the number of intact teeth and mean 
DMFT-index scores reflected the differences between the sexes. These 
differences were most significant at the baseline among the subjects followed 
up for ten years, diminishing however, over the ten-year follow-up. During the 
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ten-year period, in men the number of intact teeth decreased more than in 
women and their DMFT-index scores increased more than those of women. One 
factor responsible for this gender difference is selective mortality. According to 
their dental status and medical profile men surviving up to 80-90 years of age 
were more selected regarding their oral and general health than their female 
counterparts. However, the fact remains that these men have increased 
mortality compared to women in same cohort and their oral health deteriorates 
more steeply than that of women. Another reason for the poorer oral health 
status found among women might be gender differences in health behaviour. 
Women are known to be more willing to visit physicians as well as dentists and, 
hence, to take more medication, which is known to be a risk factor for oral 
diseases.  
Each of the present studies showed that oral health status played a more 
important role as a predictor of changes in general health status in men than in 
women. A potential explanation for this is that the reasons for tooth extractions 
differed between the sexes. It is likely that in men the number of remaining 
teeth is a surrogate measure of the extent of life-long exposure to inflammation, 
which over the years has had a detrimental effect on general health status. 
Many older women, however, had obtained dentures at young ages, having 
had their teeth extracted for, e.g., aesthetic reasons. Another possible reason for 
this phenomenon is smoking, which has been reported to be a significant reason 
for tooth loss (Ahlqwist et al., 1989, Eklund et al., 1994), strength loss (Al-Obaidi 
et al., 2004), weakened respiratory capacity (Wang et al., 2004) and premature 
mortality (Houterman et al., 2003). Furthermore, smoking is known to be more 
common in men than in women. Two factors that have been found to closely 
associate with the number of teeth (Österberg et al., 1990) and general health 
status (O’Mullane et al., 1993) are educational level and socio-economic class. In 
Finland dental services are costly. Although no gender difference was found in 
length of education, it might be that women, especially these with low 
occupational status, had their oral infection treated rather by extractions than 
by endodontic procedures for example. It has been suggested that socially 
deprived rural women have the highest levels of edentulism and that women 
working in the home have higher levels of tooth loss and edentulism than those 
working outside the home (O’Mullane et al., 1993). Previous results from the 
Evergreen project reported by Rautio and co-workers (2001) showed that until 
very old age a higher level of education was associated with better vital and 
cognitive capacity in men, whereas in women it was associated with all four 
indicators of functional capacity. These studies showed that women with a low 
socio-economic position, in particular, have fewer teeth and a higher risk for 
mortality than those with a higher level of education. It might be that subjects 
whose socio-economic position was higher were more willing to take part in all 
the three consecutive examinations, thereby presenting better functional 
capacity and survival as well as better oral health. However, this does not 
exclude possible causal relations between oral infections and mortality. 
Confirming this link would require more specific examinations. It is, however, 
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unlikely that socio-economic differences would underlie the current finding as 
the analyses were adjusted for length of education.  
 
Strengths 
 
This series of studies has several evident strengths. Firstly, the use of a 
longitudinal design enabled the examination of the long-term effects of baseline 
oral health status on later general health. Longitudinal findings on muscle 
strength and respiratory capacity have not been reported previously. Secondly, 
the proportion of those who took part in the study was fairly high, making it 
possible to generalise the findings amongst urban populations in the same 
region and of the same age. Because age did not cause variability in the data 
even the relatively small number of subjects made it possible to carry out 
multivariate analyses. Subjects living in institutions were also included in the 
study population, although only a few of them participated in the study centre 
examinations.   
The value of the current findings is emphasised by the fact that the results 
come from a very old study population. As all our participants were 80 years of 
age at the baseline, there were fewer confounding factors than would have been 
the case in a more heterogeneous population. For example, the availability and 
clinical practice of dental health care were in practice the same for all the 
participants. This increases the reliability of our findings. However, the results 
need to be confirmed by further studies including biochemical and blood 
analyses and assessment of inflammation markers, such as IL-6 and CRP, and 
by microbiological analyses.  
 
Limitations 
 
The very same people were followed up over a ten-year period. Mortality 
between 80 and 90 years of age was high: during the ten years 150 out of the 226 
subjects died. This was a weakness in our study since by the end of the 
investigation the population had diminished to the extent that only 65 subjects 
took part in the second follow-up examination. The diminishing number of 
subjects was particularly problematic when it came to analysis the data on the 
dentate subjects, as the oldest old people were mostly edentulous, as was 
expected. Consequently, some of the analyses of that data had to be conducted 
separately from that on the edentulous, as the large number of latter subjects 
skewed the data, and a normal distribution is required by most of the statistical 
methods used. Another weakness is the fact that conventional epidemiological 
analyses, such as assessing the increment in caries lesions per month, could not 
be performed, as the exact history of dental treatment between the different 
data collection occasions was not recorded. In particular, this produced 
inaccuracies in the results on decayed teeth: one subject may have last seen a 
dentist a few years ago, while another subject could have had a dental 
appointment one week before the examination. Another inaccuracy was caused 
by the index that was chosen to describe dental status. The DMFT index did not 
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include data on the extent of lesions or fillings. If the DMFS had been used, it 
would have provided more information about the changes in dental status over 
the ten-year follow-up period. Moreover, among very old subjects a common 
type of caries lesion is root caries, which was included in the diagnosis of caries 
and was not recorded separately. If this had been recorded, it would have been 
possible to use more variables in the analyses.  
The dental examination was a clinical examination only; no radiographs 
were taken. Hence, horizontal loss of alveolar bone could not be measured 
precisely. The CPITN index used here to describe the presence of periodontal 
pockets may be even misleading: well-treated periodontitis with almost total 
loss of alveolar bone may give a CPITN score of 0 (no infection, no calculus, no 
bleeding on probing). However, such a case is rare. Moreover, if panoramic 
radiograph had been performed, a diagnosis of symptom-free periapical 
infections would have been possible.  
The results of the study showed that the highest numbers of dental 
appointments were reported in 1990 and 1995. Hence, it might be that an 
epidemiological cohort study of this kind mobilises some subjects who have 
hither to neglect their dental care and, thus, also includes an intervention 
dimension. This means that in consequence of the study some of those referred 
visited a dentist even though they had not been highly motivated to do so 
before the examination. The last visit in 12.5-15.8% of cases was during the year 
of examinations. These studies were thus not merely a follow-up studies. The 
number of referred individuals who took care of their teeth is not precisely 
known, however. The trend towards to a decrease in open carious lesions in 
men may also have been caused by the intervention effect. However, the 
significance of this can not be proved and bias of this kind cannot be avoided in 
a study design like the present one. 
The problem of multicollinearity, however, cannot be ignored. In the 
present studies, length of education, which was found to correlate with the oral 
health variables, and is also known to associate with the other general health 
variables (Rantanen et al., 1992, Rautio et al., 2001, Doran et al., 2004, Seeman et 
al., 2004), did not remain in the final multivariate models. Smoking is another 
common underlying factor and therefore a potential confounding factor. 
Among smokers the smaller number of remaining teeth and poorer periodontal 
status shown in the present study have been reported several times in the 
literature together with a premature mortality, poorer muscle strength and 
respiratory capacity (Castillo et al., 2003, Al-Obaidi et al., 2004, Doll et al., 2004, 
Naess et al., 2004, Wang et al., 2004). Smoking also dropped out of our 
multivariate models. The present studies showed that smoking among the 
present population was highly dependent on gender, which remained in the 
multivariate models. As stated above, whether these associations between oral 
and general health factors run parallel to each other or are causally connected is 
not known. 
The data may be somewhat biased because 57 of the subjects who took 
part in the interviews, but refused the medical examinations at the baseline, had 
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fewer chronic diseases than the 65 subjects who took part in all three phases of 
the study (2.3±1.3 and 1.7±1.4, respectively. P<0.05). It is understandable, 
however, that subjects with multiple diseases might be more motivated to 
attend a medical examination than those in good health. The data may also be 
somewhat biased as the subjects who refused to participate in the 10-year 
follow-up had a lower number of intact teeth (2.3±4.5 vs. 0.6±1.2) and higher 
DMFT index scores (29.5±4.6 vs. 31.4±1.2) at the baseline than those who took 
part in each phase of the study. 
Geriatric patients are reported to be able to perform an imperfect, often 
unfinished, but acceptable forced expiration; dynamic index values were 
related to disability, while errors in starting the test were related to mental state 
(De Filippi et al., 2003). A systematic bias may be caused by oral health status 
insofar as if affects the expiration technique used during spirometer 
measurements. A loose and unstable complete denture hampers the fastest 
expiration while having one's own teeth enable it. However, it is known that the 
number of remaining teeth was quite stable during the follow-up periods 
among the participants. Thus, it might be that particularly when decline was 
calculated, the role of such factors was minimized. Those subjects whose 
dentures were too loose to blow air out at high velocity performed the 
expiration test without their dentures.  
 
Reliability and validity 
 
It is generally accepted that while diagnosing carious lesions varies within a 
dentist (intra-examiner variability), it does so still more between dentists (inter-
examiner variability). One of the strengths of the present study was that the 
dental examinations were all conducted by the same dentist who had long 
experience in the field (M.K.). Nevertheless, no calibration was performed, 
which is a weakness from the methodological point of view. However, the 
number of carious teeth played quite a small role in the present studies while 
the number of remaining teeth and periodontal status were the most frequently 
used factors. The number of remaining teeth is easy to calculate if the 
unerupted teeth and remaining roots are not noticed. Moreover, periodontal 
status using the CPITN index is easy to assess with certainty.  
Some of the examinations conducted by the dentist were carried out in the 
participants’ homes. Although the results were not calibrated we believe that 
they are in agreement with the examinations carried out at the study centre as 
the dental examinations were rather routine work for such an experienced 
dentist.  
The interviews were carried out by students from the University of 
Jyväskylä. They received special training for the purpose. Responses to 
questions on a subject's the years of education or smoking are not affected by 
the wording of the question, in inquires regarding SRH and physical activity 
the wording may have an impact on the results. However, its impact is difficult 
to estimate.  
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The same spirometer and dynamometer chair were used in both the 
baseline and follow-up measurements. The spirometer was calibrated daily 
with a three-litre pump and was accurate to within 1%. The dynamometer was 
also calibrated daily.  
 
Importance of the study and future research proposals 
 
The aim of this thesis was to improve our understanding of the concept of oral 
health status as a predictor of general health status. Oral health status could be 
used as a screening tool to locate those people who are at increased risk of 
mortality and losing independence in ADL. People identified as having poor 
oral health could then be encouraged to improve their oral health status and 
their lifestyle in order to reduce their risk of a decline in their general health 
and, thus, of subsequent disability. Future work might usefully focus on 
establishing whether these findings are the direct consequences of oral 
inflammations or are findings parallel phenomena only. Despite of the various 
weaknesses discussed above I nevertheless concluded that oral health status 
was a good predictor of changes in general health status in elderly people.  
 
 7 PRIMARY FINDINGS AND CONCLUSIONS  
 
 
The results for the present series of studies showed that among men, in 
particular, significant deterioration in oral health status was evident even 
between 80 and 90 years of age, and was reflected in the decreasing number of 
intact teeth. In women similar deterioration was reflected in the decreasing 
number of filled teeth. Poor dental status was observed, first, to associate with 
poor baseline hand grip strength and respiratory capacity, second, to predict a 
steeper decline in respiratory capacity and hand grip strength and, third, to 
increase the risk for death within the five- and ten-year follow-up periods. 
Among the edentulous subjects mortality risk was 2.6 times higher than among 
those who had 20 teeth or more. The corresponding ratio among subjects who 
were in urgent need of dental treatments was 3.9 compared those who were 
not. Of the background factors smoking and short education correlated with 
poor oral health. The men who were in urgent need of dental treatment showed 
higher ESR values than those who were not. In general, at the baseline the 
association between poor oral and poor general health status among men was 
more significant than it was among women.  
Even though our study was relatively small-scale, it provides new insight 
into the disablement process by emphasizing the importance of the availability 
of good oral health care throughout the life course for the maintenance of good 
functional capacity in old age. Hence, regardless of high age a subject should be 
motivated by the oral health care team to seek regular dental treatment. 
Although it can not be certainly stated that oral infections cause 
deterioration in general health status, it is recommended that such infections be 
eradicated thorough the life course. Oral health status is a useful tool for 
clinicians in targeting the health education at persons at increased risk for 
decline in their general health status. Oral health status, since it is easy to 
examine and modify through treatment, could be used as a screening tool to 
locate those at increased risk of deterioration in their general health. Number of 
teeth and the presence of periodontitis can easily be ascertained by a trained 
assistant in clinical settings using simple portable equipment such as a light 
source, dental mirror and periodontal probe. 
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SUMMARY 
 
 
The purpose of the present thesis was to examine prospectively changes in the 
dental status of 80-year-old men and women in order to determine how dental 
status associates with and predicts changes in general health status (including 
mortality and functional capacity) over five- and ten-year follow-up periods. 
We also sought to find out whether the possible associations between dental 
health, respiratory capacity, muscle strength and mortality would remain after 
adjusting the analytical models for possible confounders such as lifestyle factors 
and socio-economic status.  
The examinations were conducted within a larger prospective study 
focusing on the functional capacity and health of an entire cohort of elderly 
people. The study design was both cross-sectional and longitudinal. The 
baseline examinations were conducted in January 1990 and follow-up 
examinations in 1995 and 2000 in the town of Jyväskylä (pop. 85 000) in central 
Finland. The project was carried out among the older residents of the city. The 
target population of the present part of the study was selected on 1 January 
1990 and consisted of all persons born in 1910 and resident in Jyväskylä. The 
target population comprised 291 people (78 males, M/213 females, F) of whom 
283 (76 M/207 F) were eligible. Of the eligible population 262 (92.6%) took part 
in the interview, 203 (72.4 %) in the medical examination and 226 (79.9%) in the 
dental examinations. The interviews were conducted in the participants’ homes 
and medical and dental examinations at the study centre. For those (n=21) 
unable to attend the study centre, however, the dental examinations were done 
at home. 
During the next five years 116 subjects died, leaving a surviving 
population in 1995 of 167 (40 M/127 F) of whom 148 (88.6%) took part in the 
interview, 94 (57.5%) in the medical examination and 93 (55.7%) in the dental 
examination. In this phase the dental examinations were only conducted at the 
study centre. The last follow-up examination was performed in the year 2000. 
By then, 197 people had died leaving an eligible population of 86 (19 M/67 F) of 
whom 68 (79.1%) took part in the interview, 29 (48.8%) in the medical 
examination, and 65 (75.6%) in the dental examination. Again the dental 
examinations were conducted at home for those (n=23) unable to attend the 
study centre. Only 48 people (13M/35F) participated in all three examinations. 
The primary outcome measures at the study centre were oral health status, 
hand grip strength and pulmonary function. Secondary measures included a 
medical examination (current diseases), clinical measurements (height, weight, 
blood-counts and hand grip strength) and interview data (smoking, length of 
education, SRH). Moreover, in the year 2000 ten-year mortality data were 
received from the population register for every deceased subject (n=150) who 
took part in the baseline dental examination. 
The main findings of the study related to the important role of oral health 
status as a predictor of decline in general health status. These findings were 
emphasised among men. At the same time, the deterioration in oral health was 
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steeper among men than among women. Subjects with numerous teeth and a 
healthy periodontium had the best prognosis for respiratory capacity, muscle 
strength and remaining lifetime. Thus it might be concluded that either 
infections leading to tooth loss or common underlying background factors 
affecting oral health status are important in relation to general health status.  
Three different mechanisms can be suggested for the associations found 
between oral and general health status. The first concerns common underlying 
factors such as socio-economic status, which is known to affect both oral and 
general health status. Highly educated and better-off subjects are more likely to 
adopt a healthy lifestyle and have the resources for dental treatments. The 
second possible explanatory mechanism relates to chewing ability: nutritional 
status among elderly people with unstable dentures is clearly poorer than 
among those with many healthy teeth. The third explanation is offered by oral 
infections past or present, which may lead to loss of strength, aspiration 
pneumonia and, through links with the pathogenesis of cardiovascular 
diseases, to death. However, the results of the present study do not allow 
further speculation about these mechanisms. The results only show that an 
association exists between oral and general health status. 
Identifying the predictors of decline in general health helps in 
understanding the factors and processes that lead to disability and dependence 
in old age. Furthermore, the present findings provide new insight into the 
processes of functional decline in old age. Oral health characteristics are clinical 
tools of use in directing health education at the right subjects, thereby helping 
to arrest or slow down age-related decline in general health status. Oral health 
status, which is easy to examine and modify through treatment, could be used 
as a screening tool to locate those at increased risk of deterioration in their 
health, and thus of premature mortality. 
 62 
YHTEENVETO (FINNISH SUMMARY) 
 
 
Tämän tutkimustyön tarkoituksena oli tutkia prospektiivisesti hampaiston 
statuksen muutoksia 10-seurantavuoden aikana 80-vuotiailla jyväskyläläisillä 
henkilöillä. Lisäksi tarkoituksena oli etsiä mahdollisia yhteyksiä hammas- ja 
yleisterveyden väliltä lähtötilanteessa sekä analysoida ennustaisiko suun 
terveydentila muutoksia yleisterveydessä. Jotta yleisten taustamuuttujien 
vaikutusta voitaisiin minimoida, mallit adjustoitiin mahdollisilla sekoittavilla 
tekijöillä, kuten sosioekonomisella asemalla sekä elämäntapatekijöillä.  
Tutkimus oli osa suurempaa Ikivihreät-projektia, jonka painopiste oli 
jyväskyläläisen vuonna 1910-syntyneen kohortin terveyden ja toimintakyvyn 
arvioiminen ja seuraaminen 10 vuoden aikana. Tutkimusasetelma oli sekä 
poikittainen että pitkittäinen. Alkututkimus tehtiin vuonna 1990 ja 
seurantatutkimukset vuosina 1995 ja 2000. Jokaisena ajankohtana tutkittaville 
tehtiin kotona haastattelut, jotka koskivat elämäntapoja ja yleisiä taustatietoja. 
Varsinaiset kliiniset tutkimukset tehtiin tutkimuskeskuksessa. Nämä sisälsivät 
lääkärin ja hammaslääkärin tarkastukset ja erilaisia toimintakykyä mittaavia 
testejä.  
Projekti toteutettiin kaupungin ikäihmisten parissa. Kohdejoukkoon 
kuuluvat Jyväskylässä asuvat vuonna 1910 syntyneet henkilöt etsittiin 
väestörekisteristä tammikuun ensimmäisenä päivänä vuonna 1990. Tuolloin 
kohdejoukko koostui 291 henkilöstä (78 miestä, M/213 naista, F), joista 283 (76 
M/207 F) oli tavoitettavissa. Näistä 262 (92.6%) otti osaa haastatteluihin, 203 
(72.4 %) lääketieteellisiin tutkimuksiin tutkimuskeskuksessa ja 226 (79.9%) 
hammaslääkärin tutkimukseen. Hammaslääkärin tutkimukseen osallistui 
enemmän henkilöitä, koska osalle henkilöistä, jotka eivät kyenneet tulemaan 
tutkimuskeskukseen (n=21) hammaslääkäri meni henkilön kotiin tekemään 
tutkimuksen. Viisi vuotta myöhemmin kohdejoukko oli kutistunut 167 
henkilöön, joista 148 (88.6%) osallistui haastatteluun, 94 (57.5%) tutkimuksiin 
tutkimuskeskuksessa sekä 93 (55.7%) hammaslääkärin tutkimukseen. 
Kymmenen vuoden kuluttua tavoitettavissa oli enää 86 henkilöä, joista 68 
(79.1%) haastateltiin, 29 (48.8%) saapui tutkimuskeskukseen ja 65 (75.6%) 
osallistui hammaslääkärin tutkimukseen. Jälleen hammaslääkäri tutki kotona 
huonokuntoisimmat henkilöt (n=23). Kaikkina kolmena ajankohtana 
tutkimukseen osallistui 48 samaa henkilöä (13M/35F). 
Analyyseissä käytettiin ensisijaisesti tietoja suun terveydentilasta, käden 
puristusvoimasta sekä hengityskapasiteetista. Koska pituus ja paino vaikuttavat 
voimakkaasti ihmisen lihasvoimaan ja keuhkojen tilavuuteen näitä käytettiin 
analyyseissä vakioivina tekijöinä. Lisäksi lääkärintarkastuksessa esiin tulleista 
sairauksista eroteltiin keuhkosairaudet omaksi muuttujakseen ja verinäytteiden 
lasko-, hemoglobiini- ja veren glukoosiarvot määritettiin (vain vuonna 1995).  
Myös haastattelutiedot tupakoinnista, koulutuksen pituudesta ja itse 
arvioidusta terveydentilasta käytettiin hyödyksi. Tutkimusten lopuksi vuonna 
2000 saatiin kuolleisuustiedot väestörekisteristä jokaisesta seurantajakson 
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aikana kuolleesta henkilöstä (n=150) jotka osallistuivat alkumittauksiin vuonna 
1990.  
Näiden tutkimusten päälöydöksenä voidaan pitää sitä tosiasiaa, että suun 
terveydentila on yhteydessä yleiseen terveyden tilaan ja huono suun terveys 
lähtötilanteessa ennustaa nopeaa yleisterveyden laskua. Nämä löydökset 
korostuivat miehillä. Lisäksi kymmenen seurantavuoden aikana miesten suun 
terveydentila heikkeni naisia nopeammin. Niillä henkilöillä, joilla oli paljon 
hampaita ja terve parodontium eikä akuuttia hammasperäistä infektiota 
suussaan, oli paras ennuste myös hengitys kapasiteetin, lihasvoiman sekä 
jäljellä olevan elinajan osalta. Niinpä voitaneen sanoa, että joko hampaiden 
menetykseen johtavat infektiot tai hampaiston kuntoon vaikuttavat yleiset 
elämäntapatekijät ovat yhteydessä myös yleisterveyden kehittymiseen. Vaikka 
näitä mekanismeja ei tässä tutkimuksessa varsinaisesti tutkittu, voidaan 
aikaisemmin julkaistun kirjallisuuden perusteella olettaa, että taustalla oleva 
sosioekonominen tilanne, ravitsemukselliset tekijät sekä suora infektiovaikutus 
voivat selittää löytyneen yhteyden. Kuitenkin nyt löytynyt yhteys akuutin 
hammashoidontarpeen, kohonneen laskoarvon sekä lisääntyneen 
kuolleisuuden välillä tulee infektioteoriaa.  
Identifioimalla niitä tekijöitä, jotka nopeuttavat yleisterveyden 
heikentymistä, voidaan paremmin ymmärtää toiminnanvajauksien ja 
riippuvaisuuden kehittymistä. Sen lisäksi, että puuttumalla näihin 
riskitekijöihin voidaan parantaa ihmisen elämänlaatua, voidaan myös säästää 
laitoshoidon määrärahoja. Tällaisten tutkimusten tulokset helpottavat 
kliinikoita terveyskasvatuksen kohdentamisessa sellaisille henkilöille, jotka 
ovat erityisen suuressa riskissä toimintakyvyn menettämiseen.  Karkea suun 
terveydentilan tutkimus on helppo tehdä peiliä ja ientaskumittaria ilma suuria 
laitteistoja ja investointeja.  
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